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(54) TiUe: COMPOUNDS WITH CHELATION AFFiNITY AND SELECmVITY FOR FIRST TRANSITION SERIES ELEMENTS 
AND THEIR USE IN MEDICAL THERAPY AND DIAGNOSIS 



(57) Abstract 

This invention involves synthesis and use of a class of compounds with chelation affinity and selectivity for first transition series 
elements. Administration of the free or conjugated compound, or physiological salts of the free or conjugated compound, results in 
decrease in the in vivo bioavailability of first transition series elements and/or removal from the body of first transition series elements and 
elements with similar chemical properties. Theses characteristics make such compounds useful in the management of diseases associated 
with a bodily excess of first transition series elements and elements with similar chemical properties. This invention demcmstrates diat 
such compounds inhibit mammalian, bacterial, and fungal cell replication and arc therefore useful in the treatment of neoplasia, infection, 
inflammation, immune response, and in termination of pregnancy. Since these compounds arc capable of decreasing the in vivo availability 
of tissue iron they arc useful in management of free radical mediated tissue damage, and oxidation mediated tissue damage. When combined 
with radioisotopic or paramagnetic cations of first transition series elements, or elements with chemical properties similar to those of first 
transition series elements, prior to their administration, the resulting complexes arc useful as diagnostic agents in nuclear medicine and 
magnetic resonance imaging (MRI). 
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eSS??!?"?^ CHELATION AFFINITY AND SELECTIVITY FOR FIRST TRANSfTIom 

SERIES ELEMENTS. AND THEIR USE IN MEDICAL TOESiJ; blSailoI?? " 



CROSS REFERENCE TO RELATED APPLICATION 

This application is related to provisional appiication no. 
60/000.524. filed June 26. 1995, and applications 06/543.425 and 
08/405.562. each of which Ik incorporated by reference herein for all legal 
purposes to be served thereby. 

The present invention lies in the field of metal cation chelators 
(ligands) end their use for purposes of decreasing the bioavailability of elements 
of the first transition series, and/or the removal from the body of these 
elements or those with similar chemical properties. First transition series 
elements are components of enzymes required for nucleic acid replication as 
well as general cell replication. By inhibiting nucleic acid replication these 
agents are useful in inhibiting growth of DNA aifid RNA viruses. By inhibiting 
bacterial and fungal cell replication the:;e agents are useful in vitro as 
preservatives, and employing topical or systemic in vivo administration they are 
useful in treating bacterial and fungal infections and in wound care By 
inhibiting protozoan cell replication the:;e agents are useful in treatment of 
protozoan infections. By inhibiting mammalian celt replication, these agents ere 
useful in treating neoplastic disease, in suppression of the immune response, in 
inhibition of osteoclast activity, and in lermination of pregnancy. Iron, a first 
transition element, is involved In free radical mediated tissue damage. By 
decreasing the body free iron content, these agents inhibit free radical mediated 
tissue damage. Excess of body iron characterizes hemochromatosis/- 
hemosiderosis. and excess of the first iransition series element, copper, 
characterizes Wilson's disease. By removing either excess iron or copper from 
the body these agents are useful in treating these diseases. When combined 
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dlT. P»™""9n.«c proper*.,, the che.a«„g 3ge„« 

BACKGROUND OF THE INVENTION 

Metat cations belonging to the fir« transition series ar. „^ 
P.av importan. coen.vn,atio roies in n^hoiis.. «„c is ^Z ZT" " 
coen.vn,e ,or over eighty OiHerent enzyme systems Including thofe dl«v 
■nvoived with ONA and RNA synthesis suoh as thymidine Jast'oNt 
2-rases reverse transcnptas. and .em.na. deoxynuc.eot.de . rant, 1 
Among .ts other coenzyme «,nctions. Iron is the coenzyme ,or myogioh n l 
eytochromes and ca.a.ases and is thus essentia. ,or oxidative meLlL 
Manganese and copper also play signWoant coenzyme roles, and other 

elr" ; : ^'"^-^"^ -sldered to he essential tree 
elements although their metabolic role is less well defined 

^ . Compounds capable of forming complexes with metal cations 

o a vanety of uses ,n medicine. These include their use as 
Pham,aceuticals in treating heavy metal poisoning, in trea«ng diseases 

diseases (hemos,deros,s and Wilson's disease, respect. ve.y., as 

rad^harmaceutica. agents .n nuc.earmed.ca. .maglng When forming V 
complexes «„th radioactive metals, as contest enhancement agents in 

magnet,c resonance Imaging , MR., When form.ng complexes wi!h o! 

-als, and as contrast enhancement agents In Llog^p^y w n Ir"" 

complexes With heavy metals. Pnv when forming 

Examples of ligands employed in treating heavy metal nni.„„ 
such as that due to lead, mercury, and other metals, are el^d^ 
-uaaceuc acid lEOTA, and diethvlene.riamine pentaacetict XpTTh 
..and desfarrloxamine is used in treating iron storage dlseese.Tdr„gl^ 
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penicillamine is used In the mobilization of copper In treatment of Wilson's 
dIsiBase. 

Examples of complexes used to form radiopharmaceuticals useful 
in evaluations of the kidneys, bone and liver are complexes of technetium-99m 
( TO with diethylenetriamine pentaacetic acid (DTPA), dimercaptosuccinic 
acid (DMSA). methylene diphosphonate (MDP) and derivatives of iminodiacetic 
acid (IDA). 

Complexes of paramagnetic metal cations which are useful as MRI 
contrast agents operate by accelerating proton relaxation rates. Most 
commonly a metal cation, such as gadolinium (III), having a large number of 
unpaired, electrons Is complexed by a ligand suitable for complexation of that 
cation. An example is gadolinium (III) complexed by DTPA. 

Chelators with affinity for iron cations have been shown to Inhibit 
cell proliferation. Desf errioxamine is one example of such a chelator. This 
effect is thought to be a consequence of the complexation of tissue iron by the 
chelator, which thereby deprives the proliferating cells of a source of iron for 
critical enzyme synthesis. Moreover, it is believed that certain types of tissue 
damage are mediated by the formation of free radicals. It is also appreciated 
that catalytically active iron catalyzes formation of the highly active hydroxy! 
free radical. Based on such relationships chelators (llgands) for Iron such as 
desferrioxamine and the experimental iron chelator "LI - 
(l,2-dimethyN3-hydroxypyrid-4-one) have been examined in management of 
conditions where free radical mediated tissue damage Is believed to play a role 
as well as in clinical management of conditions in which control of cell 
proliferation Is desired. Conditions where the administration of iron chelators 
has been evaluated include: rheumatoid arthritis, anthracycline cardiac 
poisoning, reperfusion injury, solid tumors, hematologic cancers, malaria, renal 
failure. Alzheimer's disease, myelofibrosis, multiple sclerosis, drug-induced lung 
•njury. graft versus host disease, and transplant rejection and preservation 
(Voest. E.E.. er a/., "Iron Chelating Agents in Non-Iron Overload conditions. - . 
Anna/s of /nterna/ Medicine 120(6): 490-499 (15 March 1994)). 

Agents which inhibit cell replication have found use in the prior art 
as chemotherapeutic agents for treatment of neoplasia and infectious disease. 
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«o, suppression of i„,mu„. response, and for »rmin«ion of preonency 
Such agen« usually .c by inhibMng DNA. RNA or protein syndesis. TOs 
resuHs in a greater adverse effec, on rapidly proNferadng ceH populations than 
on cells -resong- in interphase or proliferating less rapidly. 

ranid. '^^^ ' "'^'^ ^«'««^fv in treating the 

«p.dh, proliferating offending ceil popu.a«on, particularly in the case of certain 
neoplasras and infectious processes. These agents also inhibit r.p,lca«on T 
norrn. cells of the host organisn.. to varying degrees. Ceils of the 1..! 
system proLferating In response to antigenic challenge are sensidvi ,0 .uch 
agents, and accordingly these agents are useful in suppressing *e 
.mmunologica. response. Examples are the suppression o, the homograft 
re,ec,,on response foMowing tissue transplantation and the „ean„en, of 
autoimmune disorders. Replication of protozoan, bacterial and mycotic 
m,c,oorgan,sms are also sensitive to such age.j,s. which makes «,e agents 
useful .n treating infections by such microorganisms. 

Agents which suppress cell replication by inhibiting DNA or RNA 
synthesis have primarily found utility i„ ,reatmer,t of neoplastic diseases TKe 
glutamme antagonists azaserlne, DON. and the anfl.purines such as 
e-mercaptopurine and 6.,hioguanine principally inhibit DNA synthesis by their 
»tion on phosphorlbosylpy^^ 

m .he f,rst step ,n purine nucleotide synthesis. The folic acid antagonist 
am.nop,erin and methotrexate inhibit DNA synthesis (and otiler synthetic 
processes involving one carbon transport) by inhibiting ti,a dihydrofolate 
reductase enzyme system, thereby interfering witf, formation of 
tetrahydrofolate. which is necessary in transfer of one-carbon fragments to 
punne and pyrimidine rings. Hyd^xyurea inhibits DNA syn«,esisby inhibiting 
■bonuclease reductase, thereby preventing reduction „, ribonucleotides to their 
corresponding deoxyribonucleotides. Tha anti-pyrimldines such as 
5.fluorouracil Inhibit DNA synti,esis|,y inhibiting thymldylate syn«,e,ase 
S-Fluorourecll may also be incorporated into fraudulent RNA molecules 
Bleomycn appears to inhibit DNA synti,esis by blocKing*ymidina incorporation 
.nto DNA. alti,ough i, may have other mechanisms of action. Agen« eh a, 
5.br.mour,cll and iododeoxyuridlne may be incorporated Into DNA in plare o 
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thymidine, and cytosine arabinoside may be incorporated into DNA in place of 
2'-deoxycytidine. The fraudulent DNA produced by these Incorporations 
interferes with the information transmittal system for DNA-RNA-protein 
synthesis. 

Alkylating agents used in treating neoplasias, such as the nitrogen 
mustards, ethylene imines, alkyi sulphonates and antibiotics such as mitomycin 
C. suppress cell replication by attacking DNA and forifiirig cbvalent alkylate 
linkages within preformed DNA. thereby interfering with DNA ^nctlon and 
replication. The activity of such agents is therefore not limited to inhibition of 
cell replication alone. 

Agents used In treatment of neoplasias sij^h as S-aza^^^^^ 
and 5-fluorouracil irihiblt cell repllcatibn by being incor^c^ated into fraudulent 
RNA. Agents such as actinomycin D. daunbrublcin. nogalomycin. mithramycin 
and adriamycin are thought to inhibit RNA polymerase by strongly binding to 
DNA and thereby inhibiting DNA to RNA transcription. " ' 

Certain agents which Inhibit cell replication by arresting metaphase 
(examples of such agents are colchicine, vinblastine, vincristihe. 
podophyllotoxin, and griseofulvin) or arresting telophase (cytodhalaslns) have 
also been shown to be active In treating neoplasias or mlcrbbial infections. ' 

Agents which Inhibit cell replication primarily by Inhibition of 
protein synthesis have found utility In the treatment of microbial infections. 
The tetracyclines, streptomycins and neomycin, for ex^mpile. Inhibit protein 
synthesis by Inhibition of the mRNA-rlbosome-tRNA complex. - 
Chloramphenicol, erythromycin, lincomycin. piiromycin appear to inhibit protein 
synthesis by Inhibition of the peptldyl synthetase reaction. A miscellaneous 
group of antibiotics appear to act by Inhibition of translocation of the ribosome 
along mRNA. Penicillins act by Inhibiting synthesis of the bacterial cell wall. 

Complexes of heavy metals such as platinum have been found to 
be active in treatment of certain neoplasias. The inhibition of ceil replication by 
these complexes is attributed to the /n vivo hydrolysis of one or more of the 
coordinating ligand sites occupying positions in the coordination shell of the 

metal. This hydrolysis liberates the coordination sites for />, wvo interaction 
with nucleophllic donor sites which are critical to replication or survival of the 
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cell population. There is a wide diversity of such donor sites in vivo, but it is 

beheved that one critical set of donor sites involves binding of the platinum to 

two guanine or one guanine and one adenine residue of opposing strands of 
UIMA. 

The mechanisms of action Of the various aoents .mployed in 
treating protozoan infection are largeiy unknown. However.lt has been 
demonstrated that agents which interfere with cel. r.plica«on can be active in 
.mating such infections. For exampie, the antimalarial agant chlofoguinideind 
the d,am,nopyrimidines ac, as selective inhibitors of plasmodlal dihydrofolati 
reductase thereby inhibiting plasmodlal DNA replication. Tetracyclines possess 
anf maisrial and antipro««oai activities possibly acting by mechanisms similar 
to those operative in their inhibition of bacterial replication. The antibiotics 
puromycin and eryti,romycin. as well as tetracyclines which inhibit microbial 
rephcation. have also been employed In trea»«en, of amebiasis. The 
antiprotozoal effects of the diamidines is believed to be due to ti,eir inhibition of 
cell replication by interference With DNA. 

Based on what is known from the action of the agents cited 
above, one can readily conclude that agents which inhibit cell replication 
regardless of the specific biochemical mechanism involved, have utility in the 
treatment of a wide variety of neoplastic and infectious diseases and in the 
management of certain of the body's responses which are mediated through 
selective in vivo cell replication. 

SUMMARY OF THE INVENTION 

The present invention resides In ti,e discovery «,at a class of 
substituted polya« compounds showing affinity and selectivity for first 
transition series elements (atomic numbers 2,-30, are capable of inhibiting cell 
proliferation of mammalian, bacterial and yeas, (fungai, cell populations and are 

tiierefore useful r>, V/,™ as preservatives and vV, v/vo. administered topically or 
parenterally. m treatment of a wide variety of conditions including neoplasia 
infection, inflammation, wound care, suppression of the i/nmune response ' 
inhibition Of osteoclasts in treatment of osteoporosis and in termination of' 
pregnancy. It is believed that the mechanism for inhibition of cell prolife«tion 
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by these compounds lies in their ability to decrease the bioavailability of 
essential first transition series elements. The term "decrease the 
bioavailability- is used herein to denote a reduction or elimination of the 
accessibility of these elements to biological systems and thereby a reduction or 
elimination of the ability of these elements to perform the functions «,ey would 
otherwise perform in living systems. Since these compounds decrease the 
b,oavailabill,y of zinc and iron, they are useful in inhibiting replication of DNA 
and RNA Viruses. Since these compounds decrease tt,e in vIvo ^^mt, of 
tissue .ron, they are also useful in management of free radical-mediated tissue 
damage and oxidation-mediated tissue damage. The compounds can also be 
prepared as complexes with radioisotopic or paramagnetic canons of first 
transrt.on series elements, or with element^ having chemical properties similar 
to those Of firs, tiansition series elements. Complexes prepared in this manner 
are useful as diagnostic agents in nuclear medicine and magnetic resonance 
imaging. 

By virtue of their affinity and selectivity, these substituted polyaza 
compounds are effective in treating diseases characterized by excess of first 
transition series elements, such as hemosiderosis (iron) and Wilson's disease 

(copper). 

For therapeutic purposes these agents may be employed in their 
free l.gand form or in a protected form (for example, as the ester of the 
pendant donor group) where the protecting group can be removed y>, vivo by 
enzymatic action to release the active ligand form. The agents can be 
administered as either the free chelator, as a protected form of the chelator or 
as physiological salts of these forms. Physiologically and pharmacologically 
acceptable salts of these compounds dissolved in suitable vehicles are fully 
suitable for use as pharmaceutical agents. 

These compounds of this invention are chemically distinct from 
previously known antibiotic and chemotherapeutic agents which affect cell 
proliferation and which might also possess some properties as metal ion 
Lgands. Unlike the chemotherapeutic complexes between a ligand and a heavy 
metal cation (such as platinum, for example) in which the complexed heavy 
metal provides the basis for the therapeutic effect and the purpose of the 
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ligand portion of the complex is related to the in vivo distribution and hydrolysis 
rates of the complex, the compounds of this invention are active In the form of 
the metal-free ligand and do not require the addition of a heavy metal to 
exercise their therapeutic effect. The compounds of the Invention are also 
Chemically distinct from agents previously employed clinically as chelators of 
certain first transition series elements (such as desferrioxamine and 1 2- 

dlmethyl-3-hydroxypyrld-4-onefor chelation of iron, and penicillamine'for 
chelation of copper). 

Subclasses Of compoundi bf this invention are novel compounds 
structurally distinct from previously disclosed chelators and any complexes 
denyed therefrom. Complexes of these subclasses in combination with 
radioisotopes or paramagnetic cations are particularly useful in diagnostic 
studies in nuclear medicine or in magnetic resonance imaging, respectively. 

DETAILED DESCRIPTION OF THE INVEIMTION 

Abbreviations 

Abbreviatioris are used herein, in conformance with standard 
Chemical practice, as follows: Bz. benzyl; Me. methyl; Et, ethyl; Pr. propyl- ipr 
isopropyl; «Bu. isobutyl; Bu. botyl; «Bu. ,er,«^-butyl; Ts. pa«-,oluenesulfonyl- ' 
Tr, trifluoroacetate; DMSO. dimethylsulfoxide; DMF. dimethylformamide- DEK 
diethyl ketone o-peniandne); MeOH, methanol; LDA, lithium diisopropylamide' 
THF. tetrahydrofuran; Py, pyridine; Ac. acetyl; AcjO. acetic anhydride 

Embodiments of the invention 

The present invention provides methods of In vitro and in vivo 
complexing of first transition series element cations. The invention further 
provides methods of treating conditions dependent on the bioavailability of first 
transition series elements and also conditions associated with elevated levels of 
f.rst transition series elements. Diagnostic methods are also provided which are 
useful .n nuclear medicine and magnetic resonance imaging. The ,n vivo 
methods involve administering to a patient or host, a chelating agent (or ligand. 
Which is capable of complexing first uansition series elements as well as 



suBsrrruTE sheet (rule 26) 



wo 97/01360 



PCT/US9^10785 



elements with chemical characteristics similar to those of first transition series 
elements. For the diagnostic methods, the chelating agent is administered as a 
complex of radioisotopic or paramagnetic cations of first transition series 
elements (or those with similar properties). 

Among the ligands used in the practice of the present invention 
are the embodiments represented by the following formulas: 



R4 



:2 




K 

R3 

w J 



2 



.HI 



R3 




R4 



(D 
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n 




dV) 



In Formulas I through IV. R\ R^ r3, and R* may be the same or 
different on any single molecule, and the same is true for R", R'^ and R'' for 

R", and R", and for R^' r32 and R33 ^^i. ♦L ' 

' " ' « • Each of these symbols (R' through 

R ) represents H, alkyi, alkenyl, aryl, arylalkyi, alkoxy, alkylthio, alkenoxy 
alkenylthio. aryloxy. arylthlo. alkyi Interrupted by one or more oxa (-O-) alkenyl 
interrupted by one or more oxa (-0-). alkyI interrupted by thia (-S-), alkenyl 
mterrupted by thia (-S-), aryloxyalkyi, alkoxyaryl, aminoalkyi, aminoalkenyl 
ammoaryl, aminoarylalkyi, hydroxyalkyi, hydroxyalk^riyl, hydroxyaryl or ' 
hydroxyarylalkyi, provided only that these groups do not interfere with 
complexation and they are not combined in a manner which results in a 
chemically unstable configuration. The alkyl. alkenyl and aryl groups or 
portions of groups. In the foregoing list can also be substituted with one or 
more halogen atoms. 

o4 ^^^'"'^ ^^dical subcl^^^^^ 

R , R . R" and R^' are further defined to include: 
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(V) 



In Formuta V. R« , R« and R~ may b. the same o, di«.,en, on 
any s-ngle r,dic„. and .are defined a, H. ameny.. a,v.. arylelky, To " 
. yKHio. a,.enoxy. a.e„y«.o, a.,oxy. a.,..o. a.y, rn.e. Jed ^y ^,70-, 
alkenyl .nterrupted by cxa .-O,. a..y, l„,e„up.ed by ,bia (-S-,. alReny. 
.n.errup,ed by .hia .-S-,. ary,„xyamy,. alkoxyaryl. an«noalM. am.no.,.eny. 
am,noa,y,. aminoarylalkyl. hydroxyalM. hydroxyalkenyl, hydroxyary,. or ' 
hydroxy=,y,alkyl. provided only ,ha. «,ese groups db no. interfere with 
complexation and the, tt,ey are no, combined in e manner which results in a 
chem,ca«y unstable configuration. Here as well, the alkyl. allcefiy, and aryl 
groups, or portions of groups, in .he lis., can be subs«.u.ed with one or more 
h^ogen ..cms. R" in Fom,ula V is defined as H. hydroxy, amino, a.kyl. alKy, 
.n.errupted by oxa ,-0-,. allco.y. aryl. aryloxyalM. aikoxyary,; or any of th^e 
groups .n which the alky, and ary, portions are substituted with one or more 
halogen atoms. Again, the groups are selected such that they do not Interfere 
w.* complexation and are no, combined in a manner which risults 1 7 
Chemically unstable configuration. 

The index n is either zero or 1 . : 
The symbol X represents any of the following groups: 
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In these formulas, R*' , R** r43 . ^44 
R*' given above. " • " » and 

9roup. ,He,o.v fo,.<„g , suucure. R- p.. are ,u„Her Jn™;.! 
aZ . ™ " ■ ^"""'""^ "ab,e co„„g„aL^„ 

~....»°::;:r::::::;;T:z;;r»:rrr"- 

alkenyloxy. „keny>thio. aryloxy. arylthio, aminoalky, Lnnlr ■ 
a.noa«.y._.y,, .y.„e„y.. HyiZH' mI^Z 
The index m is an integer which is either 1, 2 or 3 

=co„ , K- '° ' '""hervariations within the 

scope of this invention are as follows: 

(II internal cyclizations within these formulas a. the nitrogen 
atoms formed by joining together any two of the and groups m 
Formula I. any two of the R" groups in Formula ,.. any two of the R- 
groups in Formula III. or any two of the groups in Formula ,V as a 
s.ng.e divalent group bridging the two nitrogen atoms, the single d^lt 
group having the formula o'vaient 
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T 



(VD 

R3 



^ (2» Dimers or othe, tv.o-molecule combinations of Formulas I 
-.rough ,v ,.he mo.ecuies being ... same or di,,ere„,,. ,orm«i by 
bndg,ng ,he mo.ecu.es together through one or ™re diva..nt groups of 
Formula V. ,as defined above, subsbtuted for any on. or .«„ o, ^l!, 

groups in Fcrmu.a ... any on. or t^o Of ,h. R-aroups in Formu,, .,i or 
any one or two of the R" g,roups,in Formula IV; 

(31 Internal cyclizations at common carbon atoms within these 
Tormuias to form homocvciir rinne k.. : • • 

R« b32 "^"'P^VClic rings, by joining one or more of the R^, R12 

.orR groups to one or more of the R3 R'3 r23 „^ 033 

^ n , n , H , or R-'-' grouDS at tho 

same carbon atom ingie divalent group of Formula VI I 

above,, and forming one or more such homocycli. rings per structure in 
this manner; and , ^ 

. ,; "=>''=«"''°"* '"^<'Mng two carbon atoms separated 

by a n,trogen atom within these formulas to form heterocyclic rings b^ 
,o.n.ng any two adjacent R' groups in Fom,ul, I. any two adjacent R-V 
groups in Formula 11. any two adjacent R« groups in Formula l.i; or any 
wo ad,acent R» groups in Formula IV, as a single divaienf group of ' 
Formula VI ,as defined above,, and forming one or more such 
heterocyclic rings per structure in this manner. 

In Formula .. th. subscripts p and q may be the same or different 
and _ch e«her . or 3. The subsCp. r isO to . inc.usive. preferably'^ . 

.n Formu.a ... t, u and v may be the same or different, and are 
each either 2 or 3. The va.ue of w is a, leas. ,. more preferably , to 4 
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inclusive, still more preferablv 1 to 1 

2. ^ ' ""="«'«. and most preferably either 1 or 

■^'""™"«''*"=»"''~tion with these formulas have, he same 
n.ean,ng her, they have in the .hemloal Industry among those sM led | 1 

sn. The term -alM" thus enoompasses both s.al.h..chl and b t ,„ 
groups and Includes bo«, ,lne„ and cyclic groups. The term ■ai.enyr I'eTs T 
unsaturat«l groups with on. or more double bonds and includes bo* C , " 
cyccgroups^ "-•"--•o aromatic groups o, one „ mo!::; e^ 

For all such groups, those Which are useful In the present 
.n«n«on are those which do not impair or Interfere with th. fom«lon o, 
chelate complexes. Within this limitation, however, the groups may vary 

/ »'M iroups are those having , ,o 8 

carbon atoms, w.,h , to 4 carbon atoms more preferred. Prtme examples a 
methyl, ethyl. .sopropyl. „.bu.yl,and ,.„.bu.y.. ^efe^^ed ary, groups are phenyl 

naphthyl. particularly phenyl. Preferred aryl aliyl groups a^ phenyl thy 
and benzyl, and of these benzyl is the .host preferred. Preferred cycC 

rS ? " " <=V='- cycles of S o 6 

carbon atoms particulars preferred. Preferred halogen atoms are chlorine and 
fluonne, with fluorine particularly preferred. - , 'Cnne and 

are those in of compounds within Formula . 

a . those ,n wh,ch R- ,s al.yl, al.enyl. aryl, arylallcyl. or cycloalkyl. substituted 
a. he ^ pos,,.on with hydroxy. UKewise, R" in Formula 11, R- i„ Formul^ m 
and R ,n Formula IV are each preferably al.yl. alKenyi; aryl. arylal.y, " 
cvCoalRyl. substituted at the ^-position with hydroxy. Further preferred are 
compounds In which one or more, and preferably two or more; of such groups 

V-rox; stlflt^ T ^ - the .-position wL 

hydroxy. S.,ll further preferred are compounds In which the>-hydroxy 

substituted groups are further substituted a, the .-position with at leest one 
.hr~fthT~ — yl. or combinations 

among these are compounds are compounds of Formula III In which one or 
more Of the R" g^ups are substituted a. the .-position with hydroxy a d .so 
w.th hydroxymethyl, allcoxymethyl, alKenoxymethyl. or aryloxymett,y,, a 'of 
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Which may also be further substituted with halogen, and the R« and R" a^oun. 
are all hydrogen atoms. » «up5 

Certain specific groups for R\ Ri', r^i, and R^i are particularly 
preferred. These are: 2-hydroxy(2,2-diisopropoxymethyl)ethyland " 
(3-hydroxy-6.6,7,7-tetramethyl-1,5-dioxacyclohept-3-yl)methyl. 

For use in the present inventive methods, the complexes will 
preferably have a molecular weight which does not exceed 2000 Mor^ 
preferably the complexes will have molecular weights of from 200 to 1800 
still more preferably of from 400 to 1100. ' ' 

Among the complexes used in the practice of the present 
invention are the embodiments represented by the complexes formed between 
the hgands described above and paramagnetic metal cations. or radioisotopic 
metal cations. These paramagnetic metal cations include elements of atomic 
numbers 22 through 29 (inclusive). 42, 44 and 58 through 70^^^^f^^^^^^ 
these, the ones having atomic numbers 22 through 29 (inclusive) arid 58 
through 70 (inclusive) are preferred, and those having atomic numbers 24 
through 29 (inclusive) and 64 through 68 (inclusive) are most preferred 
Examples of such metals are chromium (HI), manganese (II). iron (II). iroh (III) 
cobalt „,). nickel (II). copper (II). pras^dymium (HI). neodymiunvlMI). samarium 
(III), gadolinium (III), terbium (III), dysprosium (III), holmium (III), erbium (III) and 
ytterbium (III). Chromium (III), manganese (II), iron (III, and gadolinium (III) are 
particularly preferred, with gadolinium (IM) the most preferred. 

Some methods of the present invention will use radioisotopic 
labels Which will facilitate imaging of various disease states including tumors 
.nflamed joints or lesions or suspected lesions. The use of gamma emitting ' 
radioisotopes is particularly advantageous as they can easily be counted in a 
scintillation well counter, do not require tissue homogenizatlon prior to 
counting, and can be imaged with gamma cameras. 

Gamma or positron emitting radioisotopes are typically used in 
accordance with well known techniques. Suitable gamma-emitting 
radioisotopes include '^c, "'Or. "Fe, "Ga, ^^Rb, "'In and '«Pt. Suitable 
positron-emitters include "Ga. 
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poly«a b.s.s. Sec«on ,.2 «i. synthesis of alMating groups 

S~«on 1.3 H,ustra,.s p™p,r,«o„ of cheWng .g.nu from a^ylation of 
poiyaza bases. . r uun or 

comppunds ware purlflad by routine .ethodo.ogy .nd idantTty. w.. astab.ishad 
bv^roton NMR. ,„ see cases .dentlty was further va„«ad by e,e.entr 
ana,vs,s, n,ass spectroscopy, C-1 3 or P-31 NMf*, or by synthesis of the 
.depfcal compound by an independent alternate synthesis route: 

1.1 SYNTHESIS OF POLYA2A BASES ^ 

Ethylene diamine (1.1.0), diethyleiie triamine (1 1 i, 
tnethylenetetramlne (1.1.2), 1.4, 7^triazlcyc,onoriane ( 1.1.3, t 
teu^^yc|ododecane(1.1.4,, 1,4,8,^^ 

1,5^,1 3.tetr^.acyclohexadeca.e (1,1 .6, and the corresponding hydroha.ide 
a. were e.ther obtained.romcommer6iy sources or wa^^ syntheLd 
en^Vn^ established methods and were ..ed^c^^^^^^ 
Che ators (..gands, described in section 1.3. Additional polyaza bases were 
synthesized as described herein. ^s were 



H2N NH2 HaN y ^NSh h^n" 

H 



1.1.0 



H H 



1.1.1 



1.1.2 



^ / \ .H 



I 

H 



1.1.3 



1.1.4 



I.IJ 



1.1.6 



1.1.7 2,6-Diethy|.1 .4,7-triazacycIononane trihydrobromide 

2-(p.toiuenesulfonylamino)-1-(p-to.uenesulfonyioxy) butane (1 1 8) 
and ammonium hydroxide were reacted to form 2-(p.to.uenesuLaro, , - ^ 
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aminobutane (1.1.9). This was reacted with 2-(p-toluenesuIfonylamino).l.(p. 
toluenesulfonvloxy)butane (1.1.8) and potassium carbonate. The 3,7 bis(p. 
toluenesulfonylamino)-5.a2anonane (1.1.10) product was purified by 
chromatography and reacted with p-toluenesulfonyl chloride to obtain the 
corresponding tri-p-toluenesulfonyf compound 3.7 bls(p.toluenesulfonylamino)- 
5-(p-toluenesulfonyl-5-azanonane (1.1.11). This was purified by 
chromatography and reacted with 2.2 equivalents of sodium amide in DMF and 
then with 1,2-di(p.toluenesulfonyloxy)ethane (1.1.12). The 2,6-diethy|.l 4 7 
tris(p-toluenesulfonyl) triazacyclononane (1.1.13) that was obtained following 
purification was heated in a solution of HBr in acetic acid to remove the p- 
toluenesulfonyl groups and form the titled compound (1.1.7) 



^«rs NHTs TsHN 



1.1.8 




1.1.9 



NHTs TsHN 




1.1.10 




1.1.11 



NHTs 



TsO 



OTs 



i.i:i2 





1.1.13 



1.1.7 



1.1.14 



'3HBr 



1 ;4,7-Triazabicyclo[7.4.0»"ltridecane trihydrobromlde 
1 .2-trans-bis(p-toluenesulfonylamino)cyclohexane (1.1 15) was 
treated with NaH in DMSO. 1-(P^toluenesulfonylamih:o)-2.(p:toiuenesulfonyl) 
ethane (1.1.16) was added to obtain 1 -(p^tolueriesulfbnylamino)-2-IN-p- 
toluenesulfonyl-N-(2-p-toluehesulfonyIaminoethyl)l aminocyclohexane (1.1.17)! 
This was separated and reacted with NaH and 1,2-di(p- 

tpluenesulfonyloxy)ethane (1.1.12) was added. The 2,3-butano-N.N'N"-tris(p- 
toluenesulfonyl)-1,4,7-tria2acyclononane (1.1.18) obtained was purified by 
chromatography. The prtoluenesulfonyl groups were removed by reaction in 
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HBr/Acetic acid and the 2,3-butano-1,4,7-triazacycfononane trihydrobromide 
(1.1.14) product precipitated frorn solution as the hydrobromide salt. 



a 



NHTs 
NHTs 



TsHN 



OTs 



1.1.15 




1.1.16 



1.1.17 




1.1.18 




1.1.14 



'3HBr 



1.1-19 1,3.Bis {1,4.7-triazacyclononane) propane 

N,N'-bis(p.toluenesulfonyl)-1 .4;7.tria2acyclononane (1 . 1 .20) was 
prepared by reacting (1.1.3) with two equivalents of p-toluenesulfony, chloride 
Two equivalents of N,N'-bis(p-toluenesulfonyl)-l,4.7-tria2acycrononane 
(1.1 .20) hydrobromide were reacted with one equivalent of 1.3-diiodopropane 
in acetonitrile with excess potassium carbonate. 1,3-Bis(N N'-bis(p 
toluenesulfonyl)-1.4,7-triazacyclononane propane (1.1.21) wa^ isolated and 
punfied by chromatography. The p-toluenesulfonyl groups were removed using 
sulfuric acid and HBr to yield the title compound (1.1.19). 
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Ts 
1.1.20 




1.1.21 




1.1.19 



1.1.22 l'4.7,10.TetraazablcycloI5.5.2Itetradecane 

1,4.7. lO-tetraazadodecane (1.1.4) trihydrobromlde in acetonitriie 
with potassium carbonate was reacted with glyoxal to form 1 4 7 10- 
tetraazatetracyclo-[5,5.2.0^ '3^0-.-J tetradecane (1.1.23). FbHowing 
separation the pure product was obtained by low pressure distillation, this 
was dissolved in acetonitriie and benzylbromide was added to form 1 7- 
diben2ylonium-1,4,7,10-tetraa2atetracycloI5,5,2,0*'3,0»o'*l tetradecane 
n.1.24). Following recrystallization from ethanol this was reacted with sodium 
borohydride. HCI.was added, followed by water and NaOH. and the product 
extracted with chloroform. Following evaporation of solvent the solids were 
dissolved in methanol and HBr was added to obtain 1 .7-diben2yl-l 4 7 10 
tetraazabicycio 15.5.2] tetradecane (1.1.25) as the hydrobromide sali. Vhis 
was dissolved in water and reduced using H, and a Pd-C catalyst to remove the 
benzyl groups. Purification of the title compound was by crystallization of the 
hydrobromide salt. The base form was obtained by low pressure distillation 
following addition of base. 
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1.1^ 



1.1M 



1.125 



1.1^ 



1.1.26 



1,4.7,10,13-Pentaazabicyclo I8.5.2J heptadecane. 

To 1 '8-b.s(p.toluenesulfonyloxv).3.6-bls(p-toluenesulfonyl)-3 6- 
d.azaoctane(,.1.27, was added 1.4,7-trlazacvc,onon^^^ 
w.th potasslun. bicarbonate to obtain 4,7-bls (p-to.uenesu.fonyO-l ,4 7 1 0 3 
pentaazablcyco (8.5.2, (1.1.28, heptadecane. The tit,e compound was 
pu„f.ed and the p-to,uenesu,fony, groups were removed by treatment in sulfuric 
acd. Purification was done by low pressure distillation. 



TsO 



r 



Ts 

1.1.27 



Ts 



OTs 



C 



-H 



H 




1^ 



1.1.29 



1.2-Bis(1.4,7-tria2abicyclononane-1-yl) ethane. 
A mixture Of N.N--bis(p-.o.uenesulfonyl).1.4.7.trie«bicyc.o„one 
hydrobromide ,1.1 .,3.33,. ethylene glyeo. dl-p-toluenesulfony, or 
d,brcn,oe.hane and excess of potassiun, carbonate in aoetonitril. was refluxed 
<.vern,ght. The reaction mixture was added to water and extracted with 
mathylene Chloride. The tetratosylated product <1.,. 30, was purified by 
chromatography. 1. was suspended in 70% H,SO. and heated at ISO-C for IS 

.Tded r'T' '° was 

added. The wh,te prec.pitate was collected and washed with ethanol „ was 
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r«.i..o.ved in w..,r .nd Altered from «.rs. The wa.er was ™de basic and ,he 
WIe compound <1.1.29) was extracted with chloroform. 

H H 

1.2 SYNTHESIS OF ALKYLATING GROUPS FOR ALKYLATION OF POLYAZA 
BASES TO FORM CHELATORS DESCRIBED In EXAMPLE 1.3. 

1.2.1 Preparation of Glycidyl Ethers 

Glycidyl tosylate (R, S or d,l) ( 1.2. 1 .0) was reacted in the 
appropriate alcohol solvent employing catalytic amounts of cone. H^O or 
ec,u,valen, amounts o. .etrafluoroboranetherate. The 1 -alkyloxy-2.hvdrL.3.p. 
toluenesulfonvloxvpropane „.2.,.„ product was reacted In eiher with BuLi to 
y.eld the title epoxide. The following compounds were prepared in this manner 



1.2.1.0 



Glycidyl tosylate (R.S or d.l; commercially available). 

Q 




1.2.1.1 



1.2.1.2 



-OTs 
1.2.1.0 

1.Alkyloxy.2-hydroxy.3.p.toluenesulfonyroxypropane. 

1.2.1.1 

d,l-Glycidyl-isopropyl ether (commercially available). 
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1.2.1^ 

1 .2. 1 .3 (2R) Glycldyl-lsopropyl ether. 

1 .2. 1 .4 (2S) Glycidy Wsopropyl ether. 

1.2.1.5 dJ-Glycidyl-t-butyl ether. 



1 2.1.5 

1.2.1.6 (2R» Glycidyl-t-butyl ether. 

1 .2. 1 . 7 d.l-Glycidyl allyl ether. 




1.2.1.7 

1 .2. 1 .8 d J-Glycidyl phenyl ether 



1.2.2 



yph 

1.2.1.8 

Preparation o. 2.2.DiaHcoxv„,e.hyle„e Oxiran., SplrcOxiran., 
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3-Chloro-2.chloromethy M -propane (1 ^ o r\\ 

* i-^.Z.O) was reacted with tK^^ 

correspond-na sodium „Ma.. or di.odium di„Ma.e «.her using ,he sal 
alcohol or dialcohol as solvent or using an inert solvent tk I 
Purl«. dls«llation or e.on,a.ograpV eTx^rnU^ri^r^ 
/™.«-chlorop»rb«nzoic acid in halogenated solvent Th. ^ 
were prepared in this manner. ^» ""'owng compounds 



1.2.2.0 



3-Chloro-2.chloromethyM .propane (commercially 



1.2.2.0 

1 .2.2. 1 . 2,2-Bis-ethoxymethyl oxirane., 

OEt 
1.2.2.1 

1.2.2.2 2,2-Bls-methoxymethyl oxirane. 



available). 

CH2-< ° 




1.2.2.3 2,2-Bis^lsoproi5yloxymethiy| dxirahe. 
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^OiPr 



1.2.2.4 2,2-Bls-difurfuryloxymethyloxirane. 



? 



OEfc 



1.2.2.4 



1.2.2.5 2, 2-Bis(hydroxymethyI) oxirane 

From2-methylldene-1, 3-d.hydroxypropanediof (commercially 



available). 



^ — OH 
1.2.2.5 



1.2.3 Preparation of Oxiranesplro-3-(1,5-Dioxacycloalkanes). 

Various dry glycols in DMF were reacted with NaH and 3- 
chloromethyl-1-propane (1.2.2.0) was added to the resulting reaction mixture 
Following completion of the reaction the solvents were removed and the 
product purified by low pressure distillation. The purified product in 
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dichloroethane was reacted with m-chloroperbenzoic acid to form the 
corresponding epoxide. Following workup, the epoxide product was purified by 
distillation. The following compounds were prepared in this manner. 

1 .2.3.1 Oxiranespiro-3.(l,5.dloxacycloheptane). 
(From ethylene glycol) 



1.2.3.2 




1.2.3.1 



Oxiranespiro.3-{ 1 .5-dioxa.7,7-dimethylcyclooctane). 
(From 2,2-dimethyl propylene glycol) 




1.23.2 



Oxiranespiro-3-( 1 . S-dioka-e-methylcycloheptane) 
(From 1 , 2- dihydroxy propane) 




1^3.3 

Oxiranesplro-3-( 1 .5.dioxa-6.6,7,7-tetramethylcyclohepti 
[From 2,3-dihydroxy-2,3-dlmethyl butane (plnacol)J. 
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1.2.3.5 Oxiranesplro-3.(benzoIbM,5^loxacycloheptane). 
(From 1»2-dihydroxybenzene). 



1.2^:5 



1.2.3.6 Oxlranesplro-3.{1,5.dioxacycloctane). 
(From 1 ,3-propanediol) 





O 



10 



1-2.4 Preparation of Miscellaneous Epoxides 

1.2.4.1 2.2-dimethyl oxirane. 

(From 2-methyl-1.propene and m-chloroperbenzoic acid. 



15 1-2.4.1 
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2.(lsopropyl).2.t(1.f|uoro.l^ethyI)ethylI oxirane. 
Reaction between 2,4^imethyl-3-pehtanone (1.2.4.3). 
tnmethylsilyl chloride, and base gave 2 4-dim*»thwi -j . . 

^ ^'^<"'"ethyl-3-trimethysilyloxy-2-pentene 
(1.2 4.4) wh,ch was reacted with 1-fluoropyridinium triflate (1.2.4.5) to form 

2,4-dimethyl-2-fluoro-3-pentanone (1.2 4 6) ThiQ nr«H..«* 

iru I c/r^»^. X ' •^•'^.t>K This product was reacted with 

(CM^jjSiO) I to form the title compound (1.2.4.2). 




'Si(Me)3 






F 

1.2.4.3 1.2.4.4 124 5 lo^^c 

1.2.4.6 1.2.4.2 

1.2.4.7 . 2,2-Bis-lsopropyl oxjrane. 

(From 2,4-dimethylpentanone using (CH3)3S(0)*r as described i, 



1.2.4.2) 



in 



.1.2.4.8 




1.2.4.7 



2-( 1 -Fluoroethyl)-2-( 1 -trimethylsilyloxyethyi) oxirane. 
The title compound was obtained in several steps. DEK was 6 
s.lylated using usual procedure. The resulting product was reacted with 1^ 

fluoropyridinium triflate (1.2.4.5) to yield 2-fIuoro-3.pentanone (1.2 4 9) After 
bromination the 2-bromo-4-fubro-3-pentanone (1 .2.4. 1 0) which was obtained 
was reacted with liquid ammonia to form 2-fluoro-4-hydroxy-3-pentanone 
(1.2.4.1 1). The free hydroxyl group was protected with trimethylsilylchloride 
to form 2-fluoro-4-trimethylsilyloxo-3-pentanone (1.2.4.12). This product was 
reacted with trimethylsulfoxonium iodide to form the title compound (1 2 4 8) 
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F 

0,4.9 
1.2.4.13 




F Br 
1.2.4.10 




F OH 
1.2.4.11 




^OSiMej 
1.2.4.8 



2.(1.Bromoethyl)-3.methyl oxirane. 
Bromlnation of diethyl ketone with bromine gave 2 4^ibromo 3 
Pentanone n.2.4.M,. This product was reduced ..H BH3,THP o^Tr:! 
hvdroxy-2,4-dibro.opentane (1.2.4.15,. After treatment with base the L 
compound ( 1 .2.4. 1 3) was obtained. 






1.2.4.13 

1 .2.4. 16 2-( 1 -RuoroethyD-a-methyl oxirane. 

From reaction between diethylketone and trimethylchlorosilane to 
orn. 3-tnmethy,si.y.oxv-2.pentene (1.2.4.17,. This product was reacted with 

1- «uoropy„d.n.um trif.ate (1.2.4.5) to obtain 2-f,uoro-3-pentanone (1.2 4 7 

A te. . pyridinium bromide foHowed by reduction using dlbc^ane 

2- f.uoro-4-bromopentane-3-ol <1.2.4.18, was Obtained. ^^W^^^^ 
product w.th sodium methylate yielded the title compound (1.2.4 16, 
This compound was made also bv reactina 9 /I \. .. 

fluoropentan-3.01 (1.2.4.18, with K,CO^MeOH. bromo.4- 



1.2.4.19 2.(1-Ruoroethyl,-2-(1.methoxyethyl, 



oxirane. 



SUBSTTTUTE SHEET (RULE 26) 



wo 97/01360. 



33 



PCT/US96/1078S 




1.2.4.17 





1^4.16 



2-(1-Fluoroethyl)-3-methyl oxirane (1.2.4.16) was reacted with 
methanol/sulfuric acid to obtain 2-fluoro-4-methoxypentane.3-ol (1.2.4.20) 
This product was reacted with chromic anhydrlde/pyridine to form 2.fluoro-4. 
methoxypentar.e-3.one (1.2.4.21) which was then reacted with sodium hydride 
and trimethylsulfoxonium iodide to obtain the title compound (1.2.4.19). 





1.2.4.19 

1.2.4.22 2-(1-Methoxyethyl)-3-methyl oxirane. 

Reaction of 2-( 1 -Bromoethyl)-3-methyl oxirane (1.2.4.13) with 
methanol/sulfuric acid formed 2-bromo.3-hydroxy-4-methoxypentane 
(1.2.4.23). This product was reacted with potassium carbonate in methanol to 
obtain the title compound (1.2.4.22). 




Br OMe 
1.2.4.23 



OMe 



i.2.4.22 



1.2.4.24 2-Ethyl-2^(1-methoxyethyl) oxirane. 

Reaction between diethyl ketone and dimethyl hydrazine gave 
diethyl ketone-N.N-dimethylhydrazone (1.2.4.25). This product was reacted 
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w.th d.methy, disumde/LDA to obtain 2-methv,th.o-3.pentanone-N,N-dia,ethv, 
hydrazone n.2.4.26». This product was reacted with cnercuric ch.onde 
followed by cupric chloride to obtain 2-methoxy pentane-3-one (1.2.4 27) 
Reacfon of the latter compour^d with sodium hydride/DMSO/trir.ethylsulfonium 
iodide yielded the title compound ( 1 .2.4.24). 




1.2.4.25 






OMe 



1^.4.24 



1.2.4.28 2.Ethy|.2.{1-trimethylsilyloxyethyI) oxirane. 
. From reaction between 2-bromo-3-pentanone (1 .2.4.29) and 

hydrazine obtained 2-hydroxy-3-pentanone (1 .2.4.30). This product was 
reacted with trimethylchlorosi.ane/triethylamineto obtain 2-trlmethylslly,oxy.3- 
Pentanone (1.2.4.31). This product was reacted with methy.enetripheny, 
Phosphite and butyllithium to obtain 2.ethyl-3-trimethylsiIyloxy-l.butene 
(1.2.4.32). After oxidation with mera-chloroperbenzoic acid in methylene 
chloride the title compound ( 1 .2.4. 28) was obtained. 



OSi(Me)3 



1.2.4.28 







1.2.4.33 



2,2-BIs(1-fluaroethyl) oxirane. 
From reaction between 2-( 1 -Bromoethyl).3-methyl oxirane 
(1.2.4.13) and HF/pyridine was obtained 2-bromo-4-fluoro-pentane.3-ol 
(1.2.4.18). This was reacted with potassium carbonate to obtain 2-(1- 
fluoroethyl)-3-methyl oxirane (1.2.4.16). This was reacted again with 
HF/pyridine to obtain 2,4-dif,uoro-pentane-3.ol (1.2.4.34,. After oxidation with 
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Chromium trioxlde obtained 2,4-dlfluoro-3-pentanone (1.2.4.35). The epoxide 
title compound was prepared from the ketone as described for 1.2.4.24. 



H 






1.2.4.34 1:2 4 35 ,^ 

i^.t.a:> 1.2.4.33 

1.2.3.36 2,2-Bls-dichloromethyleneoxirane. 

(From direct epoxidation of 3-chloro.2-chloromethy|.l.propene). 




1.3.4.36 



1.2.4.37 2.2-Bis(l.methoxyethyl) oxlrane. 

3-Pentanone was brominated to get 2.4-dibromo-3-pentanone 
{1.2.4.11) using conventional methods! The dibromoketone was reduced with 
BH3-THF to the corresponding alcohol (1.2.4.15). This compound was reacted 
w,th MeONa in methanol to yield 2-(l-bromoethyl)-3-methyl oxirane (12 4 13) 
which after reaction with MeOH/H,SO, gave 2:bromo.3-hydroxy-4-methoxy 
pentane (1.2.4.38). This intermediate was reacted again with MeONa in 
methanol and the resulting 2-(l-methoxyethyl)-3:methyl oxirane (1.2.4.22) was 
reacted again with MeOH/H,SO, to yield 2.4-dimethoxy-3-hydroxy pentane 
(1 .2.4.39). After oxidation with Cr03/Py in methylenechloride the resulting 
ketone was reacted with trimethylsulfoxo>,ium iodide to give the title compound 
(1.2.4.37). 
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Br OMe nvr. nxir- -'^^rwur^ 



OMe OMe OMe 
1^.4.38 1^ 4 30 

1^.4.37 

1 .2.5 Phosphite and Alkyl Phosphonate Esters. 

Dialkylphosphites were prepared by reacting diethylphosphite with 
the corresponding alcohol. '^e wiin 

1.2.5.1 /^^""butylphosphlte.HPCOjrOCHjtCHaljCHa^ 
(From n-butyl alcohol) 

1 .2.5.2 DIoctylphosphlte, HP(p)[OCH2(CH2)eCH3J2. 
(From octyl alcohol) 

1.2.5.3 Dilsobutylphosphite,HP(0)(OBu)2. 
(From iso butyl alcohol) 

1.2.5.4 Dibenzyl phosphite, HPCOHOCHaPh)^. 
(From benzyl alcohol). 

1.2.5.5 Diethyl(2-bromoethyl) phosphonate, BrCH,CH,P|0)(OEt) 

^ (From reaction between triethylphosphite and 1 ,2-dibromethane) 

1.2.5.6 Diethyl(2.chloro.l-hydroxyethyl) phosphonate, 
CICH2CH(OH)P(0)(6Et)2. 

^ (From re^ttion of diethylphosphite and chloroacetaldehyde) 

1.2.5.7 2-(Dlethylphosphonate) oxirane. 

(From 1.2.5.6, sodium ethoxide). 

O 
1.2.5.7 

1.2.6 Halides and Tosylates 

1.2.6.1 ''-Bromo-2-hydroxy-3,3-dimethylbutane,BrCH,CH(OH)C(CH3), 
(From reduction of bromomethyl-t-butyl ketone by BH3/THFr 
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1.2.6.2 



1.2.6.3 



1 -Bromo.2.t.butyldimethylsiIyloxyethane, BrCHaCHiSirBujCCHa)^ 
(From bromoethanol and dimethyi-t-butylsilylchioride) 

5-(p-Toluenesulfonyloxymethylene)-1-benzyloxy.2-pyrrolidone. 
This compound was prepared in several steps. 4.pentenoic acid 
(1.2.6.4) was reacted with ethylchloroformate in the usual way to obtain the 
active mixed anhydride. To a solution of the mixed anhydride in chloroform was 
added triethylamine and O-benzylhydroxylamine hydrochloride to obtain O- 
benzyl-4-pentenohydroxamic acid {1.2.6.5). The double bond was oxidized 
using osmium tetroxide/N-methylmorpholine oxide to give the diol (1 .2.6.6). The 
terminal hydroxyl group was then protected with t-butyldimethylsilylchloride in 
the usual way to yield (1 .2.6.7). The secondary hydroxyl group was tosylated 
using pyrldine/p-toluenesulfonyl chloride. Cyclization of (1 .2.6.8) to the 
corresponding pyrrolidone (1.2.6.9) was effected by using sodium carbonate in 
methanol. The protecting silyl group was removed by treatment with 
tetraethylammbniun^ fluoride. The title compound (1.2.6.3) was prepared by 
reacting the latter compound (1.2.6.10) with pyridine/p-toluenesulfonyl chloride 
in the usual way. 



'COOH 



1.2.6.4 



CONOBz 



HO 



1.2,6.5 




tBu(Me)zSiO' 



OH 



'CONOBz 



tBu(Me>{SiO 




OTs 



li6.7 



1.2.6.8 



iBu(Me)zSiO^N^O HOOf^^N^Q TsOCH.^ ^S!^^0 




12.6.9 1^.6.10 1^,63 
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1.2.6.11 5-Broino-1-ben2yl6xy-2-pyrrolldone. 

This compound was prepared in several steps. Butyrolactone was 
reacted with PBr3/Br2 to obtain the dibromobutyrylbromide (1.2.6.12) This 
compound with O-benzylhydroxylamine yielded the protected 
dibromohydroxamic acid (1.2.6.13). Cyclizatlon was effected by base to give 
the cyclic protected hydroxamic acid (1.2.6.1 1). 






1.2.7 



Preparation of N-Alkyl-O-Benzylchloroacetohydroxamic Acids. 
This class of compounds was prepared from chloroacetyl chloride 
and the suitable N-Alkylhydroxylamine followed by O-benzylation with benzyl 
bromide. In certain instances the 0-benzyl alkylhydroxylamine was used as the 
starting material. O-Methyl chloroacetoxyhydroxamic acid was prepared 
employing 0-methylhydroxylamine as starting material. 

1 .2.7. 1 O-Benzyl-N-Methyl Chloroacetohydroxamic acid, 
CICHjCONCMeXOBz). 

1.2.7.2 O-BenzyLN-isopropyl-Chloroacetohydroxamicacid, 
CICH2CON('Pr)(OBz). 

O-Benzyl-N-tert-butyl-ChloroacetohydroxamicacId, 
CICH2CON(»Bu)(OBz). 



1.2.7.3 



1.2.7.4 
1.2.7.5 

1.3 

1.3.1 



O-Benzyl Chloroacetohydroxamic acid, CICH2CONH{OBz) 
O-Methyl chloroacetohydroxamic acid, CICH3CONH(OMe) 

SYNTHESIS OF CHELATORS (LIGAIMDS) 



Synthesis of Polyaza Ligands with Pendant Arms Containing/?- 
Hydroxy Groups and Their Derivatives. 
This family of compounds was prepared by reacting polyaza free 
bases wiih epoxides or halohydrines in water or alcohol solvents. 
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1 .3. 1 . 1 N.NMM"-Tris (2-hydroxy-3-isopropoxypropyl).l A,7- 
Triazacyclononane. 

From 1.4,7-trja2acyclononane (1.1.3) and d,l-glycidyi isopropyl 
ether (1.2.1.2). 



^ PH 
pH 

■■ ■■1.3.1.1^ ■ 

1.3. 1.2 



(R,R,R) N.N'.N"-Tris(2-hydroxy.3.|sopropoxypropyl).1,4.7. 
triazacyclononane;' 



From 1,4,7-Triazacyclononane (1.1.3) and (2R) gjycldyl 
ether (1.2.1.3). 



»PiOCH2CCH2\ /T \ ^CH2CCH20iPr 

(in / '\ A 

r 

CIi-qCH20iPr 



isopropyl 




1.3.1.2 



1.3.1.3 



(1.2.1.4). 



(S,S,S) M.N',N"-Tris(2-hydroxy-3-lsopropoxypropy|)-1 ,4,7. 
triazacyclononane. 

From 1.4,7-Tria2acyclononane and (2S) glycidyl isopropyl ether 
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iPrOCHiCCHb^ / \ ^CH2CCH20iPr 



OH 

C3^2-9CH20iPr 

6h 

13.1.3 

1.3.1.4 N'^•^^'"-T^is(2-hydroxy.3-t.butoxyp^opy.,-1.4,7-t^iazac^^^^^ 

From 1.4,7-Trja2acyclononane (1.13) and (d,l) glycidyl-t-Butyl ether 



(1.2.1.5). 



(pH <pH 
tBuOOiCHCIfev. /~~\ vCH2CHCI|iOtBu 



CH2<pHCH20tBu 
OH 



13.1.4 



1.3.1.5 



(1.2.1.6). 



(R,R.R) N.N',N--Tris(2-hydroxy.3-t.butoxypropyl).1,4.7. 
triazacyclononane. 

From 1.4,7.tria2acyclononane (1.1.3) and (R) glycidyl t-Butyl 



ether 
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OH 



f ^ T 

CH2 — ^CHzOtBu 
H 



1.3.1.5 

1.3.1.6 



ether (commercially available). r - ^- 



?H QH 

CHaCHOfcOMe 
OH 



1.3.1.6 

1.3.1.7 



N.IMMM"-Tris(2,3-dihydroxypropyI).l,4.7-trla2acycIononane 
From 1.4.7-tria2acyclonor,ane,(l.-l.3) and 1-bromo-2 3 
d^hydroxyp^pane (commercially avallaWeU e.cess of potassto carbonate 
1-chloro-2,3-dihydroxypropane (commercially available) and base. 
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CHzGHOfeOH 



OH 

13.1.7 



1.3.1.8 N'N''N--Tris(1-methoxy-2-hydroxy-2-methylpropyl).1.4,7. 
triazacyclononane. 

From 1,4,7-Tria2acyclononane (1.1.3) arid (d; I) 3,3-birhethyl-2- 
methoxy oxirane {1-methoxy-2-methylpropylene. commercially available). 



OMe 

(Me)2<pCH^ /--\ .da—CQdeh 
OH r \ OH 




CH-<p(Me)2 
MeO OH 



1.3.1.8 

1.3.1.9 



(1.2.1.7). 



N.N%N--Tris(2-hydroxy-3-allyloxypropy|)-i:4.7.tria2acyc^^^ 
From 1.4.7-Trla2acyclohon2ine (1.1.3) and (d.l) glycidyl allyl ether 
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?H OH 



bCHCE^OCI^CH-aiz 
OH 



13.1^ 



1 .3.1 . 1 0 N,N'.N--Tris(2-hydroxy-3-phehoxypropyl).1 .4.7-trla2acyclononane. 
From 1,4,7-Triazacyclononane (1.1.3) and (d,l) glycidyl phenyl 



ether (1.2.1.8). 



9H f)H 
PhOqidHOi^ / \ CHiCHCHiOPh 



CHzCHCHzOFh 



OH 
1.3.1.10 



1.3.1.11 N.N'.N"-Tris(2-hydroxy-2.2-diethoxymethyIene)ethyl-1.4,7- 
triazacyclononane. 

From 1 ,4.7-tria2acyclononane (1.1.3) and 2, 2-Bis-ethoxy methyl 
oxirane( 1.2.2.1). 
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I C3l20Et 
OH 



13.1.11 

1.3.1.12 N'N'»N--Tris(2-hydroxy-2.2^lmethoxymethyl)ethyl^ 
triazacyclononane. 

From 1,4, 7-tria2acyclononane (1.1.3) and 2,2-Bis- 
methoxyoxymethyl oxirane (1.2.2.2). 

MeOCHj CHaOMe 

CH2C^ 

I CHaOMe 
OH 

1.3.1.12 

1.3.1.13 N,N\N".Tri(2-hydroxy-(2,2-dllsopropyloxymethyl)ethyl-1,4.7- 
triazacyclononane. 

From 1>4,7-tria2acyclononane (1 . 1 .3) and 2,2-Bis- 
Isopropoxymethyl oxirane (1.2.2.3). 
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iPtOCH2\?^ 



CH20iPir 



OH 



CH20iPr 



1.3.1.13 



1.3.1.14 N,N'.N--Tris[2-hydroxy-bis(2-furfuryloxymethyl)ethyl].1.4,7- 
triazacyclononane. 

From 1,4,7-triazacyclononane (1.1.3) and 2,2- 
Bis(furfuryloxymethyl) pxirane (1.2.2.4), s i 



I 






HO. fih 







1.3.1.14 

1.3.1.15 N.N'.INI'-Tris(3-hydroxy-1.5-dioxacycloheptyl-3-methylM.4,7. 
triazacyclononane. ' 

From 1 .4,7-Triazacvclononane (1.1 .3) and bxiranespiro-3-(1 .5- 
dioxacycloheptane) (1.2.3.1). 
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1.3.1.15 



1.3.1.16 N.N',N"-Trls((3-Hydroxy:7,7^imethyl-l,5-dioxacycI^ 
methyl]-1,4,7-triazacyclononane. 

From 1,4.7.Trla2acyclononane (1.1.3) and oxiranespiro-3-(1,5- 
dioxa-7,7-dimethylcyclooctane) (1.2.3.2). 



HO 




13.1.16 



1 .3. 1 .1 7 N,N-.N".Trist(3.hydroxy-7.me«,y|.1 .6-dioxacyctohept-3.yl)me,hyll. 
1 f4,7-trla2acycIononane. 

From 1.4,7.Tria2acyclononane (1.1.3) and Oxiranespiro-3.(i.5. 
dioxa-6-methylcyc!oheptane( 1 .2.3.3). 
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1.3.1.17 



1.3.1.18 N.N'.N-.TrisI(3.hydroxy-6.6,7.7-tetramethyl-1,5-dioxacyclohept. 
yl)niethYlJ-l»4,7-Triazacyclononane. 

From 1.4,7-Tria2acyclononane (1.1.3) and bxiranespiro-a-fl.S- 
dioxa-e.e.y^y-tetrarTiethylcycIoheptane) (iv2v3:4^^^^^ 




OH 



1.3.1.18 

1.19 N.N'.N--Trisn3-hydroj|cy-benzo(bJ.1,5. 

dioxacycloheptyl)methyl]1,4,7-tria2acyclononane. 
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From 1.4.7-tria2acyclononane (1.1.3) and oxiranespiro-S-ibenzofb]- 
1 r5-dioxacycioheptane) (1 .2.3.5). 





HQ 




1.3.1.19 



1 .3. 1 .20 N.N'>N*--Trisr(3-hydroxy-1 , 5-dioxacyclooctane.3-yl)methyll-1 .4,7- 
triazacyclonpnane. 

From 1.4,7-tria2acyclonbnane (1.1.3) and o>crrahespiro-3-( 1 . 5- 
dloxacyclooctane) (1.2.3.6). 



HO 




1.3.1.20 



1.3.1.21 N'N'.N"-Tris(2-hydroxy.2-methylpropyl).1.4,7^Tria2acyclononane. 
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From 1,4,7-Trla2acyclononane (1.1.3) and 2.2-D,methyl oxirane 

(1.2.4.1 ) 



<PH r)H 
(Me)2CHC3fe^ /— ^ ,CH2CH(Me)2 



OH 



1,3.1.21 

1.3.1.22 ^»'^'^N"-TrisI(4-fIuoro.2-hyd^oxy-^^^^^^ 
triazacycionbnane. 

From 1'f'7-tria2acyclononane (1.1,3) and 2-,sopropyl-2-(1-fluoro-1 
methylethyl) oxirane (1 .2.4.2). 




1.3.1.22 

1.3.1.23 N.N'.N"-Trls.[2.hydroxy-3.(1.fluoroethyI).4-hydroxypentylJ.1.4,7. 
triazacyclononahe. 

From 1,4,7-trlazacyclononane (1.1.3) and 2-(1- 
trimethylsilyloxyethyl)-2-(1-fluoroethyl) oxirane (1 .2.4.8). 
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13.1^3 

1.3.1.24 N.N.N^-THs,2-hydroxv.2.,,.„u.„e«,y,,.2.,,.™«.„,,,^^^^^ 

'^'7-triazacycIononane. 

From 1,4.7-tr.a2acyclononane (1.1.3) ^nd 2:(1.Ru^^^^ 
methoxyethy I) oxirane (1.2.4.19). 




OMe P 



1.3.1.24 



1.3.1.25 N.N',lVI".Trls{2-hydroxy.2-ethy|.3.methoxybutyl).r.4.7. 
triazacyclononane. 

From 1.4.7-tria2acycIononane (1.1.3) and 2-ethyl-2-( 1 - 
methoxyethyl) oxirane (1.2.4.24). 
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i PH HO V 

MeO V y^OMe 




OMe 



1:3.1^ 



1.3.1.26 N,N%N--Tris(2.3-dlhydroxy.2wethyl)biityIJ.1,4^^^ 

From 1 ,4,7-trlazacyclononane (1 . 1 .3) and 2-ethyl-2l(i- 
trlmethylsllyloxyethyl) oxirane (1.2.4;28). 



HO 




OH 



1.3.1^6 



1 .3. 1 .27 N,N',N '-Trlsl2-hydroxy-2.2-bls( 1 -fluoro ethyl) ethylj.1 ,4,7- 
triazacyciononane. s 

From 1.4.7-tria2acylononane (1.1.3) and 2,2^bis(1-fiuorbethyl) 
oxirane (1.2.4.33). 
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F P 



1.3.1^7 



ethyij- 1.4.7- 



1.3.1.28 N,N%N".pfer2-hydroxy.2.2*lsn.methoxyethyI) 
triazacyclononane. 

From 1.4,7-Triazacyclononane (r.1.3) and 2,2-{l-methoxyethyI) 
oxirane (1.2.4.37). vcinyi; 



OMe 




OMe 



1.3.1.28 



1.3.1.29 N,N'.N"-Tris[{3,3.dimethyl-2.hYdroxy)butyl].T.4,7. 
triazacyclononane. 

From 1,4,7-Tria2acyclononane (1.1.3), 1 -Bromo-2-hydroxv.3 3 
dimethylbutane (1.2.6.1) and sodium carbonate. 
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CH2^C(Me)3 
OH 

13.1^9 

1.3.1.30 N.N',N--Trls(2-hydroxypropyl).l.4,7.tria2acyclononane. 

From 1,4,7-triazacyclononane (1.1.3) and propylene oxide. 

CH3<SHCIfe^ /"~~\"^CH2(!aiCH3 





<!3^CHCH3 
OH 



1.3.1.30 



1.3.1.31 N.N',N--Tris(2,2.dimethoxyethanyl).1,4.7-tria2acycIonona 

From 1,4,7-triazacyclononane (1.1.3), 1 -chloro-2,2- 
dimethoxyethane (commercially available) and sodium carbonate. 

(MeO)2CHCIfe / \ ^CH2CH(OMe>2 
OfcCHCOMeh 



1.3.1.31 

1.3.1.32 N.N'.N".Tris(2.hydroxycyclopentan-1-yl)-1.4.7-tria2acyclononane. 
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From 1,4,7.triazacyclononane (1.1.3). 1 .2-epoxycyclopentane 
(commercially available) and sodium carbonate. 




1.3.1.32 



1.3.1.33 W.N'.N--Trls(2-hydroxycyclohexane-l-y|).l.4.7.tnazacycIononane. 

From 1.4,7-tria2acyclononane (1.1.3). 1,2-eppxycyclohexane 
(commercially available) and sodium carbonate- 



OH 



1.3.1.33 



1 .3.1 .34 N.NM\|--TriallyM .4.7-Trla2acyplononane. 

From 1,4.7-tria2acycIononane (1.1.3). sodium hydride and allyl 



bromide. 
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1.3.1.34 



1.3.1.35 ^'.^'^N--Trls[(3.chlo^o-2-h^^^^ 

From N,N'.N--triallyl-1 .4.7-tria2acyclononane(1 .3. 1 .34) and 



aqueous chlorine. 




Ok 

CH2<pHCI|ia 



OH 
1.3.1.35 

1^.1.36 1.2-Bis.(N.N-.d,.2.hydroxye,hy|.1,4,7-„ia.acyclo„ona„e-1.yl| 
ethane. 

From 1.2-bis-(1,4.7-tria2acyclononane-1-yl) ethane 
polyhydrobromide and ethylene oxide. 



CHoCHjOH 



laCHjOH CH2CH2OH 



1.3.1.36 
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1.3.1.37 N,N\N\N-'.Tetrakis.(2-hydroxyethyl).1,4.7,10. 
tetraazacyciododecane. 

From 1,4,7,10-Tetraazacyclododecane (1.1.4) and bromoethanol. 



HOCHiCHa^ I \ ^CHjCHaOH 



13.1.37 



1 .3. 1 .38 N,N',NMS|-'-Tetrakis(2.3.dihydroxypropyl}-1 ,4.7, i o- 
tetraazacyclbtetiradecane . 

From 1.4,7.10.tetraa2acyclotetradecane (1.1.4). 1-chIoro-2.3. 
propanediol (commercially available) and base. 



HOC^iCHCB^^/ J^^CHjCHCFfeOH 



HOCTl2<pHa%'^\__/^CH2CHCI%OH 
OH OH 

1.3.138 

1 .3. 1.39 4, 1 0-Bis(2-Hydrdxypropyl)- 1 ,4,7. 1 0-telraazabicy do {5. 5.2J 
tetradecane. 

From 1.4,7, 10-tetraazabicyclo[5.5.2]tetradecane (1.1.4) and 
propylene oxide. 
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CHaipHCIfe' 
OH 




1.3.1.39 



1.3.1.40 4,10-Bis-(2.hydroxyethyl)-1. 4,7.10- 
tetraazabldyclb[5.5.2]tetrWdecanei 
From 4, 1 0-Bis(dimethoxycarbonylmethyl)- 1 ,4,7, 1 o- 

tetraa2ablcycIo[5.5.2] tetradecane (1.3.6.8) and lithium aluminum hydride. 



\7' 



1.3.1.40 



1 .3. 1 .41 4,1 b^BisC(2-Hydroxy-2-phenyl)ethylM .4.7, 10^ , - . 
tetraazabicy do (5. 5. 2]tetradecane 

From 1,4,7,10-Tetraa2abicycloI5.5.2Itetradecane {1.1.4) and 
styrene oxide. 
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/ \ ^CH^CHPh 




1.3.1.42 



giycidoi. 



4,10-Bls-(2,3.c«hydroxypropyl).l,4,7,10-tetraazabicyclo 15.5.21 
tetradecane. 



From 1.4.7JO-tetraazabicyclo[5.5.2Jt^^^^ 



I \ ^CHiCHCIfcOH 



HOCHb(pHCI^' 
OH 



and 




1.3.1.42 



1.3.1.43 N,N•.N^N"'-Tetrakls-(2.3-dlhydroxypropy|^1.4,8,1^. 
tetraazacyclohexadeciarie. 
From cyclam (1.1.5) and glycidoK 



HOCHiCHCH^ r ^ .CHjCBca«)H 

I— N N-J 



HOCH2(pHCI^i^ 'CH2CHCH2OH 
OH OH 



1.3.1.43 
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1.3.1.44 CIS. trans ^'.^».^•^N'-T•trakls(2,3^lhydroxyp^opylM,2-dlam^^^^^ 
cyclohexane. 

From cis,trans 1 ,2-diaminocyclohexane (commercally available) 

and giycidol. 



<pHpH 

^.-'■^^s^N(CH2CHa|2)2 

OH3H 



1.3.1.44 

1.3.1.45 ^«-N.N,N',N'-Tetrakls(2,3-dlhydroxyp^^^^^^^^^^ 
cyclohexane. 



giycidol. 




From trans- 1,2-diaminocyclohexane (commercially available) 



<pHpH 
N(CH2CHCI|j)2 



N(CH2^Hpi2)2 
OHOH 



1.3.1.45 

1.3. 1 .46. N.N.N'.N'.Tetrakl5(2.3-dihydroxypropy|).ethylenedlarT*ln^ 
From ethylenediamine (1.1 .0) and giycidol. 



and 
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OH in 



13.1.46 



1.3.1.47 N.N.N^N^M■•.P.«.«.,M.dihyd,oxypr„py,M,e.hv,^^^^^^ 

From di.«,yl.h.Wamine (1.1.1,. l.ch.oro.2,3-propanediol and " 

Dase. 



OHDH OBOH 

1.3.1.47 

1.3.1.48 N,N.N^N^N-^N••^Hexaakls(2,3-d|hyd^^ 
triethy lenetetramine . 

From triethylenetetramlne (1 .1:2) and glycidol. 
QHOH 

( f QHOH 

CH.CHC^./'^ ^<^^"^ 
OH 6h ^^P^ CH,CHCFfe CHfHpt 

OHOH OHOH OTXm 



1.3.1.48 

1.3.1.49 W.N.N',N'-Tetrakis(2,3-dihydroxypropy|).i.2-diamfno-^^ 
methylpropane. 

From 1,2-diaminomethylpropane and glycidol. 
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(pH^H ^ <pHOH 



1.3.1.49 



1.3.1.50 N,N,N'.N'-Tetrakis(2,3^Ihydroxypropyl).1,2.dlamlnopropane. 
From 1 ,2-diaminopropane and glycidol. 

^H<j)H ^ y OHOH 

(CH2CHCFfe)2N N(CH2CHCH2)2 



1.3.1.50 

1.3.1.51 N.N',N"-Tr,s(2,3-dlacetoxypropy|).1,4,7-trlazacyclononane. 
From 1.3.1.7 and Py/AcjO. 



AcOCH2CHC^^^«^ V \ ^CHzCHCHzOAc 




CH2piafcOAc 
OAc 



13.1.51 



1.3.1.52 N,N'.N"-tris(Dimethyl-2.3.iisopropylldenepropyl).1,4.7J 
triazacyclononane. 

From 1 .3. 1 .7 and 2,2-dlmethoxypropane/p.toluenesulfon.c acid: 
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X 



^ ?? 




1.3.1.52 

1.3.1.53 4,10-(2.DiacetoxyoxypropyI)-1.4,7,10.tetraazabicycIoI5.5.21 
tetradecane. 

From 1.3.1.39 and Py/Ac,0. 



<pAc 

.CH2CHCH3 



OAc 




1.3.1-53 



1.3. 1 .54 "■N-,N-.T,isH2.4.d,hydroxy.3^sopr.pyM^.,hv„p.^„., 

triazacyclononane. 

ox-rane. ''"•'-''^^^'Vclononane n.1.3, and 2.2.bi„hydroxvme,hy.) 
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OH 



13.1^ 



1.3.1.55 N.NM\|--Trls-[2.hydroxy-(2,2.dihydroxymethyl)ethylM.4,7- 
triazacyclononane. 

From 1,4.7-trlazacyclononane (1.1.3) and 2, 2-bisChydroxy methyl) 
oxirane (1.2.2.5). 



1.3.1.55 



1.3.2 



Synthesis of Polyaza LIgands With Alkylphosphonate Mono- and Dl- 
Esters Pendant Arms. 



1.3.2.1 



Preparation 



Chelators which have three identical rnethylene phosphonate 
diester arms were prepared by reacting the trihydrobromide polyaza bases with 
formaldehyde and dialkylphosphite. The hexa-ester was hydrolized to the tri- 
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ester by heating with NaOH dissolved in the appropriate alcohol (the same R 
group as in the dialkylphosphite). In some cases products were obtained by 
reacfng the amine base with haloalkylphosphonates or epoxyphosphonates. 

1.3.2.1 N'N''N--Tri8(dlbutylphosphorylmethyl)-l,4.7.triazacyclononane. 

From 1,4,7-tria2acyclononane (1.1.3) trihydrobromide 
formaldehyde solution and di-n-butyl phosphite (1.2.5.1). 

'^"'^Lj^ /-\ n^VonSu 



o 



13.2.1 



1.3.2.2 



N.N'.N-.Tris(dihydroxyphosphorylmetf^^^^^^ 
1 »4,7-tria2acyclonc)nahe. 



From N.N',N"-tris(dibutyrphosphorylmethyl). 
1 .4,7-tria2acyclononane (1 .3.2. 1 j and KOH/butanol. 



o 



1.32.2 

1.3.2.3 N.N'.N"-Trls(diethylphosphorylmethyl)-1,4,7.tria2acycIononane. 
From 1.4. 7-tria2acyclbnbnane (1.1.3) trihydrobromide. 



formaldehyde solution and diethyl phosphite (commercially 



available). 
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O 



13.2.3 

1.3.2.4 ~.N-.N--Tris(dihydroxypho,pho,ylme«,y,monoe«,y, .s„rl. 
"J '^-.T-triazacyclononane. 

FromN,N\N--tris(diethy!phosphofylmethyI)-v ^ 
1.4,7-tria2acyclononane (1.3.2.3) and NaOH/EtOH.. 



-OEt 



o 



1.3.2.4 

1.3.2.5 



N.N^N••-Tris(dloctylphospho^ylmethyl)-1,4,7-trla^ac^ 

From 1'4,7-trjazacyclononane (1.1,3), formaldehyde,and 
dioctylphosphite (1.2.5.2). 
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^ 0(CH2)7CH3 



1.3.2.6 



1.3.2.7 



13.2^ 



N,N%N-.Trls(dihydroxyphosphorylinethylrnonooctyr 
1 ,4,7-triazacyclonoriane. 

From 1 .3.2.5 and NaOH in octyl alcohol. 
CH3(CH2)70^? ^ f OrCR 



o 



13.2.6 



^I.N^N%Tris(d^^sobutylpH6sphorylmethyl)-l,4;7.trlazac^^^^ 

From l,4,7-Tria2acyclononane (1.1.3). formaldehyde and 
diisobutylphosphite (1 .2.5.3). 
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1.3.2.8 



1.3.2.7 



OiBu 
OiBu 



N.N',N--Trls(dlhydroxyphosphorylmethyl monoisobutyl ester)- 

1 .4,7-triazacyciononane. 

From 1.3.2.7 and NaOH in isobutyl alcohol. 



1? 



HO N N >oH 



dBu 
OH 



1.3.2.8 

1.3.2.9 ^'.N^N"-Tris(dlben^ylphosphoryImethyl).i;4,7-^^^^^ 

From 1.4,7-Tria2acVclononane (1.1.3), formaldehyde and 
dibenzylphosphlte (1.2.5.4). 



BzO^ff ^ ^ 9 oR:r 

BzO ^obj 



O 



1.3.2.9 
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1.3.2.10 ^»'N^N"-Tris(diethylphospho^yIethyl^1,4,7-tria^ac^^^^^^ 

From 1,4.7-triazacyclononane (1.1.3) trihydrobromide, potassium 
carbonate and diethyl(2-bromoethyl)phosphonate {1 .2.5.5). 



1.3.2.10 



1 .3.2. 1 1 N,N'.N",N-'-Tetrakls(diethylphosphorylmethyl).1 ,4,7. 1 0- 
Tetraazacyciodecane. 

From 1 .4,7. lO-Tetraazacyclodecane (1 . 1 .4) trihydrobromide 
formaldehyde and diethylphosphite (commercially available). 

EtO N Nv.^ OEt 



EtO^ 



L J 



o 



/ \ r^_._^oEt 



O ^ OEl 



1.3.2.11 



1.3.2.12 ^I.N^^I^^I"'.Tetrakls(dlethylphosphorylethyl)-1,4,7.10- 
tetraazacyclododecane. 

From 1.4,7,10-tetraazacyclododecane (1.1.4) trihydrobromide 
potassmm carbonate and diethyl(2-bromoethyl)phosphonate ( 1 .2.5.5). ' 
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1.3.2.12 



1.3.2.13 



4. 1 0.BIs(diethylyphosphorylethyl)-1 .4.7, 1 0-tetraazablcycIo 
tetradecane. 

From 1.4,7^ 10-tetraazabicyclol5,5.^JtetradeM^ 
dihydrobromide. potassium carbonate and dlethy|{2-bromoethyl)ph6sphbh^tfe 
(1.2.5.5). 



/ \/C3I2CH2PC 



C..\J 



1.3.2.14 



1.3.2.13 

4, 1 p.Bis(dlethyIphosphoryI methyl).1 .4,7, 1 0-tetraazabicycIo 
[5.5.2] tetradecane. 



From 1 ,4.7. 1 0-tetraa2abicycloI5.,5.2Itetradecane (1 . 1 .20) 
trihydrobromide. formaldehyde and diethylphosphlte (commercially available). 



SUjBSTrrLrrE SHEET (RULE 26) 



wo 97/01360 



PCT/US96/10785 



70 



I \ ff^OEt 



13^14 



1.3.2.15 N.N-.N"-THs(dle*Wpho,pho*y.m*«i.,.,,4>.,o.,3:p.n».»b,c^^^ 
I8.5.2Jheptadecane. 

From l,4,7J0J3-pentaa2abicycloI8.5;2Jheptadecane (1 1 25) 
formaldehyde and diethylphosphite (comm^^^ ' ' 



EtCX.ff , . 

OEt 



o 

1.3.2.15 



1.3.3 



Synthesis of Polyaza Ligands with Identical Alkylphosphonic Acid 
Pendant Arms. 

These compounds w6re prepared by either hydrolizmg the ester 
groups of the compounds described under 1 .3.2, or from the polyaza base 
formaldehyde and.phosphorous acid. 

1.3.3.1 1, 2-Bis(IM.IM-.bis{dihydroxyphosphrylmethyl)-1.4,7. 
triazacyclononan-l-yl) ethane. 

From 1.2-bis-(1,4.7-tria2acyclononan-1-y|)ethane (1.1.28) 
formaldehyde and phosphorous acid. 
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HO^If OH 



O 



133.1 

1.3.3.2 ^'2-Bls(N.N'-bls(dihydroxyphosphorylmethyl)-1,4;7. 
triazacyclononan-1-y|)propane. 

From 1'2-Bis-(1,4.7-tria2acyclononan-1-y|)prdpane (1.1.19), 
formaldehyde and phosphorous acid. 

9 OH 

HO \,. V^^^-^y \ / ^^OH 



OH 



1.33.2 



1.3.3.3 4,10-Bis(dihydroxyphosphorylmethyl)-1,4;7,T0. 
tetraazabicycio[5.5.2]tetradecane. 

From 1.4,7,10-Tetraa2abicyclo[5:5.21tetradecarie (i:i.20) 
trihydrobromlde, formaldehyde and phosphorous acid. 
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cr 




HO 



1333 

1.3.3.4 ^'7,13.Trls(dihydroxyphosphorylmethyI)-i;4,:^ 
pentaa2abicyclo(8.5.2]h6ptadecane. 

1,4.7J0.13-pentaa2abicyclo(8.5.2Iheptade<:ahe (i:3:i:i5) 

HO^ff ^ . 



O 

1.3.3.4 



OH 



The following compounds were prepared from th*» ^« 
diesters by hydrolysis with HCI; ^ ^^^^^ the corresponding 



1.3.3.5 



N.N-.N-.Tris(dihyd,oxyphospho,yl.*y,,.r,4.7.,riazaeycW^ 
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HO^ ^ _ OH 



1.3.3.5 



1 .3.3.6 N.N'.N-.N-.Tetrakis(dihydroxyphosphorylethyl}.1 ,4,7. 1 0- 
tetraazacyciododecane. 



HO^ff : I 1 ff/OH 



HO' 



C 



N N. 



HO>. 




CH2CH2P: 



OH 



.OH 
OH 



1.3.3.6 



1.3.3.7 



4,10-Bis{djhydroxyphosphorylethyl).1.4.7,10.tetraa2abicyclo[5.5.2J 
tetradecane. 



r~\ .ci«3J:°« 

Nv OH 



^^.PCH2CH2 




1.3.3.7 
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1 .3.4 Synthesis of Polyaza LIgands with Pendant Arms Containing 

Phosphonate Esters and Acids with Alpha Substituent Groups. 
Alkyi or aryl groups a to the phosphonate moiety were prepared by 
alkylafon of the corresponding iigand in the form of its dialkylphosphonate 
1.3.4.1 W.N'.N-.TrlsIa-dihvdroxyphosporyl^-ben2yl)methyf]. 
1 '4,7-Triazacyclononane. 

From N,N',N--TrisI(0.diethylphospory|.a-ben2yl)methylJ- 
1.4.7-tria2acyclononane (US patent 5,380,515) and trimethylsilyl Iodide. 



Bz O 



13.4.1 



1.3.4.2 



N.N'.N"-Trls{[{diethylphosphoryl).a-hydroxyJethyl>.1.4,7. 
triazacyclononane. 



From 1.4,7-triazacyclononane (1.1.3) and 2-dlethylphosphoryl 
oxirane (1.2.5.7). 



OH / \ OH 

CH2(pHP(OEt>i 
OH 



1.3.4.2 
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N.N',N--TrisfdihydroxyphosphorYlra-hydroxy)ethyll-1.4,7. 
triazacyclononane. 

From 1 .3.4.2 and HCI. 



OH ^ ^ - 



CH2^(OH)2 

OH 



1.3.4.3 



1.3.5 



Synthesis of Polyaza LIgands with Pendant Arms Containing 
Hydroxamate Groups. 



These compounds were prepared by reacting 1 ,4 7. 
tetraazacyclononane (1.1.3) trihydrobromlde with a N-alkyl-O-benzyl 
chloroacetohydroxamic acid in the presence of a base. The free hydroxamic 
acd was Obtained by removing the benzyl protecting group by hydrogenolysis 



1.3.5.1 



N.N'.N"-Trls((IM-methyl-N-ben2yloxycarbampyl)methylI1.4,7. 
triazacyclononane. 



From 1.4.7-triazacyclononane. sodium carbonate and G-benzyl-N- 
methyl chloroacetohydroxamate (1,2.7.1). 

Me 

BzONCOCik^J \.^CH2CONOBz 



I 

CHaCOljibBz 
Me 



1.3.5.1 
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1.3.5.2 



N,IM',N-.Trls[(N.methy|.W-hydr6xycarbamoyl)methylI:1,4.7- 
triazacyclononane. 

From N,lM'.N-.Trisl(N-m«hy|.N.ben2v,oxycarbamoyl)methy,l., 4 7 
triazacycfononane (1.3.5.1) and H2 and Pd/C. 

HONCOCH^ / \ -CHrfXJNOH 

CHiCO^OH 
Me 



1.3.5.2 

1.3.5.3 ^''^'^N--TrlsUN.isop^opyI-^-be^zyloxyca^bamoyI)methyU-1,4,^ 
triazacyclonohane. 

From 1 .4, 7-Triazacyc.ononane trihyarobromide and chloroac.»-N^ 
isopropyl-O-benzyl hydroxamatB (1.2.7.2). 



CllzCONOBz 



13.5.3 

1.3.5.4 N.N^^,-.T^Is^(J^IWsopropyl-^I-hydr^^^^^^ 
triazacyclononane. 
From 1.3.5.3 and H2 and Pd/C. 
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HONCOdk^^ / V^OtCONOH 

CH2CONOH 



1.3.5.4 



1.3.5.5 



N.IV^^--Tr.•s[(N-t-butyl-N.ben2yloxycarbamoy^)methylJ.1,4.7. 
triazacyclononane. 



P^^'" ;'.4.7-tria2acyclononane trlhydrobromide =^i,d chloroaceto-N-t- 
Dutyl-O-benzyl hydroxamate (1.2.7.3). : , i 



BiONCOCI4>y^^^CH2CONOB; 

CHzCOlNJOBz 
tBu 



1.3.5.5 

1.3.5.6 



N.N%l\|--Trisf(N-t-butyl-N-hydroxycarbamoyl)methyll,1,4 
triazacyclononane. 

From 1.3.5.5, N2 and Pd/C. 
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HONCOCH5>y^_C3fcCONOH 
CHjCO^OH 

13^.6 

N.N%N".Trist(N-benzyloxycarbamoyl)methyljVi,4,7- 
triazacyclononane. 



Fiw,1.4,7-tria2acycJonGnane (1.1.3) trihydrobm^^^ 
chloroaceto-O-benzyl hydroxamate (1.2.7.4). 

BlONCOC^ /— \ ^a^^oB^ 



U5 



CHjCOljJOBz 
H 



1.3.5.7 

1.3.5.8 N'N'.N"-TrisI(N-hydroxycarbamoy|)methylM,4.^^^ 
triazacyclononane. 

From 1.3.5.7 and Hj and Pd/C. 
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HONCOCH,^ /-A OfjCONOH 



CHzCO^OH 
H 



13.5.8 

1.3.5.9 N.WM«--TrisI(N.methoxycarbamoyl)methylJ.l.4,7- 
triazacyciononane. 

From 1,4,7.tria2acyclononane (1.1,3) trihydrobromide and 
chloroaceto-O-methyl hydroxamate (1.2.7.5). 



MeONCOOiv^ /— \^CI|jCONOMe 



CHjCO^OMe 



1.3.5.9 

1.3.5.10 



4,10-Bis[{N-ben2yloxycarbamoyl-N.methyl)methylI.1,4.7,io- 
tetraazabicycfbI5.5.2]tetradecan6. 

From 1.4.7,10-tetraa2abicyclof5.5.21tetradecane(1 1 20) 
d-f^drobromlc acid, sodium carbooat. .nd dhloroaceto-O-benzyl hydroxamate 

(1.2.7.4). • ^- . -y.': ' 
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.CHaCONOBz 




BzO^COCI4' 
Me 



13^.10 

1.3.5.11 



4. 1 0-Bisi(N-hydroxycarbamoy|.|SI-methyI)methylJ. 1 .4,7 1 0- 
Tetraazablcyclo [5.5.21 tetradecane. 

From 1.3.5.10 and H J and Pd/C. 



>CH2CONOH 




HOlj^COdi' 
Me 



1.3.5.11 

1.3.5.12 N.N^N-.rrtstn.be„.y,o,y.2.py„„,i,.„.^^^^^^ 
triazacyclononane. 

From 1,4,7-tr,i2«.cyclononane (1,1.3), 5.(p. 
toluenesulfony.6xymethyl)-1-benzy,oxy-2-pyrrolldone(1.2.6.3) and base. 
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BzO 




1.3J42 



1 .3.5. 1 3 W-N'.N".TrisI(T-6xy:2-pyrroHdone-5.yI)methylI-1 ,4,7. 
triazacyclononane. 

From 1 .3. 5. 12 and Pd/C,{5 %)^ and H,. 




1.3.5.13 



1.3.5.14 N.N\N-'.Tris(1-^en2yloxy-2-pyrrolidone-5-y|)-r^^^^^^ 
triazacyciononane. . 

From 1.4,7.tria2acyclononane (1.1.3), 5-bromo-1 -benzyloxv 2 
pyrrolidone (1.2.6.11) and base. 
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1.3^.14 



1.3.5.15 '••«'-.»'"-THs(1.„xy.2.py™,«„„..5.y,H.4.7.„ia,3eyc.a„o„,„e 
From 1.3.5.14 and Pd/C (5%) and 




HO 

1.3.5.15 



1.3.6 



Synthesis of Polyaza LIgands with Pendant Arms Containing 
Carboxyl Groups And The Corresponding Esters. 
Compounds were prepared by reacting polyaza bases with either 
haio carboxync acids or by reductive a.Kyiation with aido or keto acids Z 
esters were prepared either by reacting directly with ha.o carboxyiic acild esters 
or by reaction of the free acid with SOCl2/alcohol. 
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1.3.6.1 



N,N',N-.Tris{carboxyfnethyl)-l,4,7.tria2acyclononane. 
From 1,4,7.tria2acyclononane (1.1.3), glyoxylic acid and Hj/Pt. 



CH2C02H 

1.3.6.1 

1 .3.6.2 N.iyiMS|--Tris(methoxycarbonyImethyI.1 ,4,7-tria2acyclononan 
From N,N',N"-trls(carboxymethyl)-l,4.7-tr,-azacyclononane i 



methanol and SOCI2. 



e. 
in 



MeQzCCHzv, y \ ^GHiCQzMe 
CHaCQzMe 



1.3.6.2 

1 .3.6.3 



IM,iyiMM-.Tris(o-methylcarboxymethyl)-1,4,7-Trla2acyclononane. 
From 1,4.7-trlazacyclononane (1.1.3), pyruvic acid and H2/Pt. 

I|fe Me 
HChCCH^J ^^CHCQzH 



pjCQzH 
Me 



1.3.6.3 
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1.3.6.4 



N.N',N".Tris(methoxycarbonylmethy|.1.4.7.tria2abicyclo- 
[7.4.0*'"jtridecane. 

From 1,4.7-Tria2abicyclol7.4.0«-»?ltridecane hydrobromide 
5 (1.1.14), glyoxyllc acid and Hj/PtO^ in methanol. 




MtOOCCH^J V^O^COOMe 



CHzOOOMe 



1.3.6.4 

1.3.6.5 



and H,/PtO, 



N-(a-methylcarboxymethyl).1.4,7-tria2abicycloI7.4.01tridecane. 
From 1.4,7-triazabicycloI7.4.0«,'^Jtridecane (1.1.14), pyruvic acid 




/ \^CHCOOMe 



H 



1.3.6.5 



1 .3.6.6 N.N',N"-Tris(ethoxycarbonylmethyl)-1 ,4,7- 
triazacyclo[7.4.0)tridecane. 

From l,4,7-triazabicyclol7.4.0»,"ltridecane (1.1.14), sodium 
methoxide and ethyl bromoacetate. 
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CIfcCCX)Et 



1.3.6.6 



1.3.6.7 



1.2-Bis.(4.7.carboxymethyI.1.4,7.triaMcyclononan.1.y|)ethane. 
From 1.2-Bis{1.4.7-tria2acyclononan-1.y|)ethane (1.1.28), 
chloroacetic acid and NaOH. 




HOOCCIib> 

'CHaCObH 



1.3.6.7 

1.3.6.8 



4.7-Bis|carboxymethyl)-1,4,7.10.tetraazab.cyclo[5.5.2]tetradeca„e 
From 1.4.7,10-tetraa2abicyclo(5.5.2]tetradecane (1.1.22), 
chloroacetic acid and NaOH. ' 



HO2CCH2 




1.3.6.8 
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1.3.6.9 ^'7-Bis(methoxycarboxymethyIM.4.7,10.tetraazablcycIoI5 5 2] 
tetradecane. 

From 4.7-bis(carboxymethyI)-l,4,7,10.tetraa2abicyclo[5.5 21 
tetradecane ( l . i .20) in MeOH/H2S04. 




MeQzCCIfc' 



1.3.6.9 

1.3.6.10 N,N'.N".Tris(carboxyethyl,-1.4,7.triazacycIonona„e. 
base. ^'^'7-triazacyc.ononane (1.1.3,, 3-ch,oroproplonlc acid and 

HQzCC^zCHz^ / \j^CH2a|jCQjH 



CH2CH2C02H 



1.3.6.10 



1.3.6.11 



4,lO-Bis(ethoxycarboxymethyl,.1,4,7,10-tetraa2ablcyclo[5 5 ' 
tetradecane. " " 

e«,v. a„va J""" '•*-^''°-'''"-^"=vCo,5.5.a,eu,dec3„e ,,.,.20, an. 
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C VD 

EtCbCCHaCHaA-^ 



r-\ 



1.3.6.11 



1 .3.6. 1 2 4.1 0-Bis(carboxymethylM .4,7. 1 0- 
tetraa2ablcyclo[5.5.2Jtetradecane. 
From 1.3.6.11 by acid hydrolysis. 



base 



. mi- I • \ >Ci|2CH2C02H 



HO2CGH2CH: 




1.3.6.12 



1 .3.6.13 N.N'.N--Tris(ethoxycarbonylmethyI,-1 .4.7.triazacyclononane 
From 1.4.7-trlazacycl6nonane (I.1.3). ethyl bromoacetate and 



CE^CQzEt 



1.3.6.13 
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1.3.6.14 1'2-BlsH4,7.methoxycarbo„y,methy,.1,4.7.triazacyclon^^^ 

ethane. ' 

From 1.2-b,s-(4.7-carboxymethyl-l,4,7.Trla2acyclononan-1. 
yl)ethane (1.3.6.7). MeOH/SOCU. 



MeOjCOfc^ / \ / \ > V 



.e 



1.3.6.14 

1-3.7 Synthesis Of Polyaza Uganda with Pendant Arms Containing 

Aldehyde or Ketone Groups. 

1.3.7.1 '^'^•^N"-Trls(2.2-dlmethoxyethyl^1.4.7-trla^acyclononane. 

From 1 .4.7-tria2acyclononane {1 . 1 .3), 1-chloro-2 2- 
d-methoxyethane (commercially available) and sodium carbonate. 

OMe 



OMe 



1.3.7.1 

1.3.7.2 



N.r.-.N--TrlsH3.3-dimethy|.2-oxo-butyl,-1,4.7-trlaz^ 
From 1.4.7-tnazacyclononane (I.1.3,. bromomethyl t-butyl ketone 
(commercally available) and sodium carbonate. 
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(Me)3CCCQi^^/^^^CH2CC(Me>3 
CH2jj:C(Me)3 



1.3.7^ 



1.3.8 



1.3.8.1 



SYNTHESIS OF POLYA2A LIGANDS WITH PEIMDAIMT ARMS 
CONTAINING PYRROLE GROUPS. 



IN»,N'.N--Trls(-pyrrol-2-y|.methyl).1.4,7-triazacyclononane. 
From 1.4,7-triazacyclononane (1.1.3), pyrrole-2-carboxaldehyd 
(commercially available) and Hj/PtOj. 




1.3.8.1 
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1 .3.9 SYNTHESIS OF POL VA2A LIG ANDS WITH PENDANT 



ARAAS 

CONTAINING AMINE GROUPS. 



5 1.3.9.1 



From l,4,7-tr,azacyclononane (1.1.3), 2.(p.toluenesulfonylamlno> 
1-(p-toluenesulfonyloxy)ethane (1.1.16) and base. ^onVammo)- 



1.3.9.2 



1.3.10 



1.3.10.1 



H 

CMjCHaNTs 



1.3 A 1 



N.N'.N"-Trls(2-amlnoethy0.1.4,7-triazacyclononane. 
From 1.3.9.1 and HBr/acetic acid. 



H2NCH2CIfc\ / \ ^CH2CH2NH2 



CH2CH2NH2 



13.9.2 



N,IM'.N"-Tris(methylcarboxamide)-1 .4 7-tria?arw^i 

xriazacyclononane. 

From N,N'.N--Tris-(methoxycarboxymethyl)-i 4 7 
tr.a2acyclononane (1.3.6.2) and ammonia. 
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1.3.10.1 



1.3.10.2 W^N',N-.Tris[.|M-„.butyl(methylcarboxamideW-1,4.7. 
triazacyclononane. 

5 . ^ '^^"^ N.N\N".Tns-(methoxycarboxymethyl)-1 4 7^^ 

triazacyclononane (1.3.6.2) and butylamine. - ' ' 



O 

1.3.10^ 



1.3.10.3 W*N'.W-Tris(-N-„-phenyI(methylcarboxamlde)].l,4,7. 
triazacyclononane. 

'•'••^•'"•""VClononane (1.1.3), N.phenylchloroaceamide 
.prepared ,ro. an.Hne an. cH,o,oace.v, chloride, a.d excess sodlun, or^,,. 
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CHjCNPh 
II H 
O 



13.103 



1.3.11 



Sv„,h.SlS Of P0h«Z. U,.„d, „hh p„d.„. ;,^3 

Phenolic Groups. 



1 .3.1 1 .1 4.7-Di-(2-hydroxy-ben2yI).l ,4.7,1 0- 
tetraazablcyclors.S.ZJtetradecane. 

From 1.4.7,10-tetraazabicyclof5.5.2Jtetradecane (1.1 20) 
salicylaldehyde (excess) and H2/Pt02. 




OH 

1.3.11.1 



From 1,4.7.10-tetra2abicyclo[5.5.2Jtetradecane (1 1 20) 
salicylaldehyde (1 .5 equivalents) and H2/Pt02. * 
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HO. 




1.3.11^ 



1.3.11.3 B.V(2,2'.dlhydroxybiphenylmethylene)et^^^^^^ 

From ethylenediamlne (1 . 1 .0) and 2,2'-dlhydroxy benzophenone 
(commercially available) with removal of H2O. 




1.3.113 



1 .3.1 1 .4 N.N'-Bis-(2,2'-dlhydroxyblphen^ethyl) etirylene diamine. 
From 1.3.11.3 and sodium borohydride. 
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13.11.4 



1.3.11.5 



(commerciaily 



Bls-<2,4.dlhydroxyblphenylmethylene)ethylenedlamlne. 
From ethylenediamine (1.1.0) and 2,4-dlhydroxv ben2ophenone 
availabl(^) with removal of H2P. 




OH 



13.11.5 



1 .3.1 1 .6 N.N-.BIs.(2.4-dihydroxybfphenylmethyl) ethylenediamine. 
From 1 .3. 1 1 .5 and sodium borohydrlde. 




,CH— 



o 



HO 



H H 

-OH H( 



1 3.11.6 





OH 
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1.3.11.7 N.~--Bi8-(2,2-^lhydroxybipheny,methyIene,dlethylenetr«^^^^ 

From dlethylene triamme (1.1.1, and 2,2'-dlhydroxy benzophenon 
with removal of H2O. 




1.3.11.7 



1.3.11.8 N,N"-Bls.(2;2'.dlhydroxyblphenyImethyl)diethyle„etriamlne. 
From 1.3.11,7 and sodium borohydride. 




1.3.H.8 



1.3.11.9 BIs.(2.2'-dihydroxyblphenyImethyleneM,3-dlaml„oprcpane. 

From diamlnopropane and 2,2'-dlhydroxv benzophenone with 
removal of H2O- 
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1.3.11.9 



1.3.11.10 ^•.~'-Bis-(2,2'-dlhydroxyblpheny,„,ethy,M,3-dlaminopropa„e 
From and 1 .3. 1 1 .9 and sodium borohydride. 




1.3.11.10 



1-3.11.11 ~.'^'.^'"-Trls(2-hydroxybenzy„-l,4.7.trlazacyc.ono„a„e. 

From 1,4.7-triazacyclononane. sallcylaldehyde and H2/Pt02. 
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.OH 



HO. 




HO 



1.3.11.11 



1.3.12 



Synthesis of Polyaza Lig^hds with More Than One Species of 
Pendant Arm. 



1.3.12.1 



N-(p-ToluenesuIfonyl)-N',N".bis{dlethylphosphoryImethyl)-1,4.7. 

triazacyclononane. 

From N-(P-toluenesulfonyl).i.4,7-tria2acyclononane dlhydrobromld 
(1.3.13.31), formaldehydejand diethyl phosphite. 



Ts 



CH-i(OEtfc 
O 



1.3.12.1 



1.3.12.2 N.N'-Bis<dlethylphosphorylmethylM,4,7-triazacycIononane. 

From 1.4.7-tr.azacyclononane (1.1.3) trihydrobromide one 
equ.valent formaldehyde and one equivalent of diethyl phosphite. Purification of 
product by chromatography. 
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1.3.12^ 

2.3 N.IM'-Bls(dlhydroxyphosphorylmethyl)-1.4,7.triazacyclononane 
From 1.3.12.2 and HCI. 



ff 



1.3.123 

4 ~-<CarboxymethyI)-iy|.W'.bls(dlhMoxyphosphon^^^^ 
triazacyciononane. 

From 1 .3. 1 2.3, chloroacetic and iSlaOH. 
? 

CHzf (OH)2 



1:3.12.4 
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1.3.12.5 4-(2.Hydroxy.ben2yl).7.dlethylpho8phorylethy|.1.4,7,10- 

tetraazabicyclo[5.5.2]tetradecane. 

From 4-(2-hydroxyben2yl)-1 ,4,7, 1 0- 

tetraa2ablcycloI5.5.2]tetradecane (1.3.11.2). diethyl phospW 
formaldehyde solution. 



HO. 




13.12.5 



1 .3.1 2.6 4-(2.hydroxy.benryl)-7-phosphorylethyl-1 .4.7,1 0- tetraazabicycio 
(5.5.2]tetradecane. 
From 1.3.12.5 and HCI; 




1.3.12.6 
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1 .3.13 Miscellaneous Substituted Polyaza Compounds. 
1.3.13.1 1.2-Bls-(4.7-benzyloxycarbonyi.1.4,7.trlazacycIo„onan.1. 

From 1'2.bis.(1,4.7-tria2acyclononan.1.y|)ethane(1.l.28) 
polyhydrobromlde. potassium carbonate and benzyl chloroformate. 




1.3.13.1 

1.3.13.2 N-(P-Toluen.sultoM)-N-.N--Bis.(benzy.oxyc«bo„ylM.4.7. 
triazacyclononane. 

(1 3 ,3 31, TT'"Tr"""°"'"-''^-'-"''''"^^^ 

n . J. 1 3.3 1 ). K2CO3 and benzyl chloroformate. 

^^-^rA cQ,Bz 

CQzBz 



1.3.13.2 

1.3.13.3 W-(P-Toluenesulfonyl).N".benzyloxycarb6ny|.1.4.7. 
triazacyclononane. 

tnazacyclononane (1.3.13.2) and trimethylsilyl iodide. 
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C02BZ 



IJ.13.3 

1.3.13.4 l'2-Bis[(l.p-toluenesulfonyl)wi.benzyloxycarbony|.1,4.7. 
tria4^acyclonpn-7-yi]ethane. : • 

Pr^>nri,,1 -(P:toluenesulfonyl).4-berizylbxV .4 7- 

trlazacyclononane (1.3.13.3). potassium carbonate and dlbromoe'thane. 



1.3.13.4 



1.3.13.5 N.N'.N--Tris(pKenyIacetyl)^1,4.7-trja2acyclonpnane. 

From 1 ,4,7-triazacycldnbrtane (1.1 .3), diethyl 
phenylacetylphosphonate IPhCH2C0P(0)(0Et)2l. 
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13.13^ 



1.3.13.6 N.N^N-.Trls^2,3-Epoxypropy,.1,4,7-tdazacyclono„^ 

From 1,4,7-triazacyclonQnane (1.1.3) and epibrombhydr 

A Q 



CH2- 



X7 
o 



1.3.13.6 

1.3.13.7 N.N'.N-.Tri-alIyl-1.4.7.trlazacyclononane. 

bromide. ''^'^ d.l 3), sodiam hydride and allyf 

CHaCH-CHi 
1.3.13.7 



SUBSmUTE SHEET (RULE 26) 



'^^^'^'^ PCT/tJS96/,07ir5 

103 

1.3.13.8 W.NMM"-Tris(benzyloxycarbonyl).1.4,7-triazacyclononane. 

From 1 .4.7-triazacyclononane (1 .1 .3). benzyl chloroformate and 
sodium carbonate. 



CQzBz 



1.3.13.8 

1.3.13.9 N.N'.BIs{benzyloxycarbonyl}-1.4,7.triazacyclonon 

From N,N'.N"-tris(benzyloxycarbonyl)-1 .4,7-tria2acyclononane 
(1.3.13.8) and iodotrimethylsilane. 

CQzBz 
1.3.13.9 

1.3.13.10 N.N-Bis(benz^^^^ 

triazacyclononane. . 

From N,IM'-bis(benzyloxycarbonyl)-1 .4,7-tria2acycldnonane 
(1.3.13.9), dibromoethane and potassium carbonate. 
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CQzBz 



13.13.10 

1.3.13.11 N-P-ToluenesulfonyHM%N"^itrifluoroacetyl-1.4.7. 
triazacyclononane. 

From N-P-toluenesulfonyl-l.4.7.tria2acyclononane (1.3.13 31) 
potassium carbonate and trifluoroacetic aohycl^ide: 



c 

o 



13.13.11 

1 .3.13.12 W-P-To«uenesuIfonyI-IM'-benzy|.1,4.7-t„azacycIononane 

FromN-(p.toIuenesulfonyl-l.4;7^tria2acyclond^^ 3 1^31) 

sodium hydride and benzyl bromide. " * 

Bz 



1.3.13.12 
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1 .3.13.13 N-p-Toluenesulfonyl-N',N"-diben2yM ,4,7.triazacyclononane. 

From N-(p-toluenesulfonvl-1.4,7-tria2acvclononane (1.3.13.31). 
sodium hydride and benzyl bromide. 



Bz 



1.3.13.13 



1.3.13.14 l'2-Bis(N-p.toluenesulfonyl-N'-benzyI):i,4,7-trlazacyd^^ 



ethane 



From N-P-toluenesulfonyl-N'-benzyl-l .4,7^triazacyclononane 
(1.3.13.12). dibromoethane and potassium carbonate. 



«^ Bz 



1.3.13.14 

1.3.13:15 1.2-Bls(N.N'.ditrhy|.1.4:7.trlazacyclono„an^ 

From 1.2-Bis(1,4.7.tria2acyclononane)ethane (1.1.28). potassium 
carbonate and trityl chloride. 
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CPba 



CPI13 



1.3.13.15 



1.3.13.,6 Sp.„ l^.«^.7-<»^to,uer^,^.,^,.„^^ 

s hvH K . ' •'"'"^'"^'="'™"'™-N-N'-*-P-totuenesulfonyl 

s •'V*obro„,.de,, 3.13.32,. d„odobua„eand,p.,,^„„ ,^^^^^^ 



Ts 




13.13.16 



tetraazacyclotetradecane. 



1 .3.13. 1 7 TetrakisCp-toluenesulfonylM ,4,7, 1 q. 

From N.N^NM^Is(p-toluenesulfo^yl)dlethyIe^etriami^e{1 3 13 t«i 
potassium carbonate and bis(2-p-to,uenesu,fony,oxyetIy„ N inZ ' 
amine (1.3.13.19). y'*»^y6^y'>-N-(P-toluenesulfonyl) 



Ts 



V 

Ts 



1.3.13.18 



Ts 



TsO 



Ts 



13.13.19 



OTs 



t/U-Xts 

1.3.13.17 
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1 .3.13.20 1 ,7.Bls(p.toluenesulfonyl)^-ben2y|.1 ,4.7-tria2aheptane. 

From benzylamine, (2-p-toluenesulfonyoxyl)-N-(p-toluenesulfonyl). 
ethylamine (1.3.13.21) and potassium carbonate. 



TsO 



Ts Bz Ts 

1.3.13.21 1.3.13.20 

1.3.13.22 N-Trityidiethanoiamine. 

From diethanolamine and trityl chloride. 

H(/ ^ tjl^ ^OH 



1.3.13.22 



1.3.13.23 N-Trltyl-bls(2-p-toluenesulfonyloxyethyl}amine. 

From N-trityldlethanolamlne and p-toluenesulfonyl chloride. 



TsO Ijl OTs 

1.3.13.23 



1 -3. 1 3.24 1 .7-di-{p-toluenesulfonyJ)-4-ben2y|.1 0-trityl-l .4.7, 1 0- 
tetraazacyclotetradecane. 

From 1.7-di-p-tolijenekulfonyi-4-ben2yl-1 .4.7-tria2aheptane 
(1.3.13.20). sodium hydride and N-trityl-di-p-toluenesuifonyldiethanolamine 



(1.3.13.23). 
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13.13^ 

1.3.13.25 l'7-DHp-tolue„esulfony.,O,4.7.10-tetraazacycIoteu^^^^^^ 
From 1.7-di-{p.toluenesulfonyl)-4-benzyl-10.trityl-l 4 7 io 
tetraazacyclotetradecane (1.3.13.24) reduced by H2 and Pd/c ' " : 

1.3.13.25 

1 .3. 1 3.26 1 .7.D|.(p-toluenesul#onylM.ben2yI.l .4.7, 1 0- 
tetraazacyclotetradecane. 
From reduction of 1.3; 13.24. 

13.13.26 

1.3.13.27 1.2-Bis.(4.iO-di-Molbenesulfonyl-7.benzW 
tetraazacyclotetradecan-l-yDethane. 
From 1.3.13.26 and dibromoethane. 
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Bz 

1.3.13^7 



1.3.13.28 1.5,9.13.Tetraa2atetracycIo(6.6,2,0l'15 o8,16j„3„j^^^^^ 
From 1.1.6 and glyoxaldehyde. 

1.3.13.28 

1.3.13.29 4,7-DlalIy|.l.4.7.trla2abicyclo[7.4.0Jtr.decane. 

From 1.4.7-triazab.cyclol7,4.d]trldecane trihydrobrom.de (1 1 14) 
sodium hydride and allyl bromide. ' ' 




CH2CH=GIfe 



1.3.13.29 
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1.3.13.30 ~-P-Toluenesulfony|.1,4,7.triazacycIo„ona„edlhydrobrom^^^^ 

'^^°'^'^''^''^"-^-<P-to.uenesu.fonv,M,4,7.triazacvc.o„onane 
(1.3.13.31) prepared from 1.3.13.18, d.bromoethan« «nH K»e-» 



acid. 



dibromoethane and base) and HBr/acetic 



Ts 



1.3.13.31 



H 



1.3.13.30 



*2HBr 



1.3.13.32 ~'^'-°^P-To.uenesu,fo„y,.l,4,7-tHazac^^^^^^^ 
(1.3.13.31 and HBr/acet.c acid as the hydrobromide salt. 




Ts 



1.3.13.32 



J 



1.3-13.33 N.N,N',N-.TetraaIlyIethylenedlamlne. 

From ethylenediamine, sodium carbonate and allyl bromide. 



1.3.13.33 
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1.3.13.34 *'7,13-Tris(p.toluenesulfonyl).1.4.7.10.13.pentaazablcycloI8.5.2J 
heptadecane. 

From 1.4,7,iai3-pentaa2abicyclo[8.5.2]heptadecane (1.1.26) 
potassium carbonate and p-toluenesulfonyl chloride. 




13.13.34 



1.3.13.35 1'2-Bis(4-p-toluenesulfonyI.1,4,7.tna2acyclonon.1.yl)ethane. 

From1,2-bis{4.7-di-p-toluenesulfonyl-1,4.7.tria2acyclonon-1- 
yDethane (1.1 .30) and sulphuric acid. 



Ts 



1.3.13.35 



1 .3.13.36 N.N'-(DI-p.toluenesuIfonyl)-N".benzyM .4.7^Trlazacyclononane 

a) From N.N--(p-toluenesuIfonyl)-4-ben2VI diethylenetriamine 
(1.3.13.20), sodium hydride and ethylene glycol di-p-toluenesulfonate (1.1 12) 

b) From N,N'-bis(p.toluenesulfonyl)-l .4,7-trja2acyclononane 
(1 .3. 1 3.32), sodium hydride and benzyl bromide. 
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Bz 



1.3.1336 



1.3.13.37 ~^CP-Toluenesulfony,,-NMrlty|.1.4,7^^^^^^^ 
(1.3.13.30), sodium hydride and trityi chloride. 

C(Ph)3 



13.13.37 

1 .3.13.38 Hexakis(allyl) triethylenetetramine. 

bromide. -^"'^V.enetetramine <1.1.2,. sodium carbonate and a„y, 



All All 

All - d^CM-CIis 



1.3.13.38 
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1.3.13.39 4,7.dlally|.l.4.7,10-tetraazablcyclor5.5.21tetradecane. 

From 1.4.7,10-tetraa2abicyclor5.5.2Jtetradebane (1.1.4). ailyl 



bromide and base. 




1.3.13.39 
EXAMPLE p 



This exariiple Ulustrates the preparation of metal complexes using 
the chelating agents (ligands) described in Example 1. 

2.1 Synthesis of Metal Complexes 

Water soluble salts of metals and compounds described In the 
above examples were heated in water or alcohol solvents followed by base 
add.t.on to neutral or basic pH. Alternately, an excess of these metals in the 
form Of their corresponding insoluble oxides or hydroxides was heated with the 
acd form of the compounds described m preceding sections until complexatlon 
was complete, followed by filtration to rert^ove uncomplexed excess metal oxide 
or hydroxide. In either case complex forrhktion was verified by 
Chromatography. Employing these methods the following complexes were 
synthesized: 
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2.1 .1 Iron (III) complexes with the following Compounds: 

.1.1.1. 1 .2-Bls( 1 .4.7.tna2ablcyclononan.1.y||ethane (1.1 .29) 
2.1 .1 .2. N.N-.N"-Trls(2-hydroxy-3.|sopropoxypropyl,.1 4 7- 



2.1.1.4. 



2.1.1.3. ,R. a R, N.N',N-.Trls(2.hydroxy-3.|sopropoxypropy|,.i,4.7- 
triazacyclononane (1.3.1.2). 

(S. S. S) W'N%N"-Trls(2.hydroxy.3.isopropoxypropy|).l,4.7. 
triazacyclononane (1.3.1.3) 

2-1-1-e. (R. R, Rl N.N'.N--Tris(2.hv<,ro,y.3-Isobu.oxypropyl).1.4.7. 
triazacyclononane (1 .3.1 .5) 

2.1.1.8. ~.".N--TrM2.3.dihy<.ro,yp„py,l.1.4.7.«.z,cy=.ono„ane 
(1.3.1.7). 

2.1.1.9. "•"■."■■THs«.hydr„xy.3.,.,^^^^ 

2.1.1.11. ;«j<r-'«<iw«2***»r^ 

triazacyclononane (1 .3.1 .11 ). 

2.1.1Vi2. N>.N-.T,,s(2.hydr«y.2.2.di„,,hoxy„,e.hy,,e*y..,;4.7. 
triazacyclononane (1.3.1.12). 

2.1.1.13. NN%N--Tris,2.hydroxv.2.2.d«»p,.py,„y„,^^,.^^., 
triazacyclononane (1.3.1.13). 

2.1.1.14. N.^'•.^•--Tris,2.hyd,oxy.bis,2;n.rf„^,„eO,y,,e«.y,^1^ 
triazacyclononane (1 .3. i .14). 

2.1.1.15. N;N-.N--Tri»,3-hydroxy.,.5.d.oxacyc,ohep.y,.3.„e.hy,M 4 7- 

triazacyclononane (1.3.1 15 ) ' ' 

2.1.1.16. ^'•^'^^;••-THs((3-„ydroxy;7.7-di^^^^^^ 
methylJ-1,4,7-triazacyclononane (1.3.1.16). 
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2.1.1.17. N.N',N-.Trls[(3-hydroxy.7.methy|.1.5^loxacyclohipt.3.yI)mM^^^^^ 
1.4,7-triazacyclononane (1.3.1.17); 

2.1.1.18. N,N'.iyi-.Tris[(3-hydroxy.e,6,7.7.tetramethy|.1.5.dioxacyclohept.3 
yl)methyi]-1,4,7-Triazacyclononane (1.3.1.18). 

2.1.1.19. N,iy|'.N"-TrisI(3.hydroxy-ben2o[bl-1;5. 

dioxacycloheptyl|methylJ1.4,7.trtazacyclonohane (1 .3.1 .19). 
N,l\|-,N-.Trls[(3.hydroxy.1 *5.dloxacyclooctan-3.yl)rnethylji ,4.7. 
triazacyclononane (1 .3.1.20). 

~»^-'^"-TrlsI{4-fluoro.2-hydroxy.3HSoprop^^^^ 
1.4,7- triazacyclononane (1.3.1^22). 

N.N\N--Trls-I2rhydroxyT3-(1-fluoroethyl)-4-hVdroxypen^^^ 
triazacyclononane (1 .3.1.23). 

N.N',N-.Tris[2-hydroxy-2.(1.fluproethyl)^2H1.methoiyeth^ 
1 .4,7-triazacyclononane (1 ,3.1 .24). 

2.1.1.24. N,N\N-.Trls(2-hydroxy.2-ethy|.3-methoxybotyl)-1;4.7. 
triazacyclononane (1.3.1.25). 

2.1.1.25. N.N%N--TrisI(2,3.dihydroxy.2-ethyI)butyl].1.4,7.triazacyclononane 
(1.3.1.26). 

2.1.1.26. N,N\N"-Tris[2-hydro?y.2,2.bls(1-fluoroethyl)ethy|J.1,4.7. 
triazacyclononane (1 .3. 1 .27). 

2.1.1.27. N.N'.N-.TrisI2-hydroxy.2,2-bis(1.methoxyethyl)ethylJ-1.4,7. 
triazacyclononane (1.3.1.28). 

2.1.1.28. N.N'.N"-Tris[(3.3-dimethyI-2-hydroxy)butyll-i;4,7- 
triazacyclononane (1.3.1.29). 



2.1.1.20. 
2.1.1.21. 
2.1.1.22. 
2.1.1.23. 



2.1.1.29. 



N.N'.N"-Tris(2-hydroxycyclohexan.l -y|).l .4,7.trlazacyclononan^^^ 
(1.3.1.33). 



2.1.1 .30. N.N',N~.N- STetrakis(2.3-dlhydroxypropyl).1 .4. 7,1 q. 
tetraazacyclotetradecane (1 .3.1 .38). 

2.1.1.31. 4. 10-Bis(2-»»ydroxypropyl)-1 .4.7,10- 
tetraazabicyclo[5.5.2]tetradecane (1 .3.1.39); 

2.1.1.32. 4,10-Bis-(2-hydroxyethyl)-1,4.7.10- 
tetrazablcyclo[5.5.21tetradecane (1 .3.1 .40). 
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2.1.1.33. 4,10.Bjs-(2.3-dihydroxypropyl|.1.4,7,10. 
tetraa2abicycIoI5.5.2Jtetradecane (1.3.1.42) 

2.1.1.34, N.N',N-.TrlsU2,4^lhydroxy-3-isopropyI^.met^^^ 
triazacyclononane (lw3.1.54). 

S 2.1.1.35. N.N-.N-.Tri,(2*ydro«y.bl.,2.2.dIhydroxym..hyll.«,yH.,.4.7. 
triazacyclononane (1.3.1.55). 

a.l.1.36. N.N-.N-.Trt.(dlhy*»xyphosph.nrt mono butyl ,«.„me«,y|. 
1,4,7-triazacyclononane (1.3.2.2). 

2.1.1.37. N.N%N--TrisWihydroxyphosphorylm.«,y,monoe*yt.s,er)- 
1. 4, 7-trlazacyclononane (1.3.2.4). 

N,N^N^Tris(dlhydroxyphosphorylmethyi inonoocWl ester). 
1,4.7-tria2acyclononane (1 .3.2.6). 

N.N\N-.Trls(dihydroxyphb8phoryImethyimonoisoi,utyl ester). 
1 .4,7-triazacyclononane (1 ;3.2.8). 

1 ,2-Bis(N.N%bls(dlhydroxyphosph6ryImethyl).1 ,4>^^ 
triazacyciononan-l.yDethane (1 .3.3.1 ); 

1 '2-Bis(N,N'^bls(dlhydroxyphosphorylmethyI)-1 .4,7- 
triazacyclononan-l .yDpropane (1 .3.3.2). 
4. 1 0-Bis(dlhydroxyphosphorylmethyl)-1 ,4,7. TO- 
tetraazablcycloI5.5.2Jtetradecane. 

4.7. 1 3-Trls(dIhydroxyphosphoryImethyl)-T,4, 7. 1 0,1 3- 
pentaazablcyclo[8.5.2Jheptadecane (1 .3.3.4); 

N.N%N'r-Tris(dihydroxyphosphorylethyl)-i;4-7-triazacyclononan^ 
(1.3.3.5). 

N^f«^^l"^N"--Tetrakis(dlhyd^oxyphosphorylethy^ 
tetraazacyclododecane (1.3.3.6). 

4.10.Bis(dihydroxyphosphOryle*yin.4.7.10.,et,.iial,icyclol5 52I 
tetradecanen. 3.3.71. 

N.N%NVT„sr(N.meAy|.N.hyd„,yearb^moV»me,hylI.1.4.7. 
triazacyclononane (1.3.5.2). 

N.N-.N--T,ta,,N.isop™py,.N.hyd„,y,3,ban,oy„™,hy,J.1,4 7- 
triazacyclononane (1.3.5.4). 



3 

2.1.1.38. 

2.1.1.39. 

2.1.1.40. 

2.1.1.41. 

2.1.1.42. 

2.1.1.43. 

2.1.1.44. 

2.1.1.45. 

2.1.1.46. 

2.1.1.47. 

2.1.1.48. 
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2.1.1.49. N,NMy|--Trls[(IM.t-butyl.N.hydroxycarbamoyI»methylJ.1,4;7- 
triazacyclononane (1.3.5.6). 



2.1.1.50. 
i 2.1.1.51. 
2.1.1.52. 



N.N',N--Tris[(N.hydroxycarbamoyl)methylJ.1,4,7.trlazacyclonoriane 
(1.3.5.8). 

N,IM' ,N "-Trls[(N-methoxycarbamoyl)inethylJ-1 ,4,7- 
triazacyclononane (1.3.5.9). 

4.10-BlsI(N-hydroxy.N.niethylcarbamoyl)methyll.1,4.7,10. 
tetraazablcycloI5.5.21tetradecane (1 .3.5.11 ). 

2.1.1.53. M.N%N--Tris((1-hydroxy.2.pyrrolldon-5-yl)methyIJ.1,4,7- 
triazacyciononane (1.3.5.13). 

N.N MM"-TrlsI( 1 -hydroxy-2-pyrrolidon-5-yl)methyl].1 ,4,7. 
triazacyclononane (1.3.5.13). 

N.N',N--Tris(carboxymethyl).1 .4,7-triazacyclononane (1 .3.6.1 ). 

1,2:BisM4.7-carboxymethyl-1,4,7.trlazacyclononari.1.y|)ethana 
(1.3.6.7). 

2.1.1.57. N-N'.N-.Tris(carboxyethyl).1,4.7-trlazacyclononane(1.3.6.10). 

2.1.1.58. 4, 10-Bis(carboxymethyl)-1, 4.7.10- 

tetraazabicyclor5.5.2]tetradecane(1.3.6;i2). 

N.NMM".Trls(2,2-dlmethoxyethyl).1,4.7.triazacycl6nonane 
(1.3.7.1). 

N.N'.N"-Tris(pyrroI.2-yl-methyl).1,4,7-triazacycIononane (1.3.8.1) 
N,N;,N"-Tris(N-n-butyl(carbamoylmetbyl)J-1.4.7.tr«^^ 



2.1.1.54. 

2.1.1.55. 
2.1.1.56. 



2.1.1.59. 

2.1.1.60. 
2.1.1.61. 



(1.3.10.2). 



2.1.1.62. 



N.NMVI"-Tr.sIN-phenyl(carbamoylmethyl)J.1,4.7-triazacyclononane 
(1.3.10.3). 

2.1.1.63. 4.7-Bis(2-hydroxybenzyl)-1,4.7,ip- 

tetraazabicyclo(5.5.2]tetradecane (1.3.1 1 .1). 

N.N'-Bis-(2,4-dihydroxyblphenylmethyl)ethylenediamine (1 .3.1 1 6) 

N.N'-Bls-(2.2'-dlhydroxyblphenylmethyl)diethylenetrlamine 
(1.3.11.8). 



2.1.1.64. 
2.1.1.65. 



2.1.1 .66. 



N,N'-Bis-(2,2'-dihydroxybiphenyImethyl).1.3-dlaminopropane 
(1.3.11.10). 
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N.N'.N-.Tris(2-hydroxybenzyi).1,4.7.trla2acyclononane 
(1.3.11.11). 

N,N-.bfe(dihydroxyphosphorylmethyl)-1.4,7-TrlazacycIononane 
(1.3.12.3). 

2.1.1.68. N-(carboxyme.hyl).N%N-.bl,(dlhyd,oxyphosphon-lm.«,y,,.i.4.7. 
triazacyclononane (1.3.12.4). 



2.1.1.67. 
2.1.1.68. 



2.1.2 
2.1.2.1. 

2.1.2.2. 

2.1.2.3. 

2.1.2.4. 

2.1.2.5. 

2.1.2.6. 

2.1.2.7. 
2.1.2.8. 
2.1.3 
2.1.3.1. 



Gadolinium (III) complexes wfth the following chelators: 

1 '2-Bls(N.N'-bls(dlhydroxyphosphorylmethyl)-1 ,4^^^ 
trlazacyclononan-l -yDethane (1 .13). 

1,2-Bls(N.N'.bls(dlhydroxyphosphrylmethyli'.^^^^^^^^^ 

triazacyclononan-l-yDpropane (1 .3.3li). 

4,7,13.Tris(dihydroxyphospHoHrimethyl)-1,4^^^ 

pentaa2ablcyclo[8.5.2Iheptadecane(1.3.3.4)V 

NM-M". N-'-Tetrakls(dfhydr6Xyphbsphorylethyl)-1.4,7.10. 
tetraazacyclododecane (1 .3.3.6). 

N,N%N-.Trjst2-dihydroxyphbsphory|.1-hydroxytethyll.1.4.7. 
triazacyclononane (1.3.4.3). 

1,2-Bls.(4.7-carboxymethy|.l.4,7.trlazacyclononan-1-y|)ethane 
(1.3.6.7). : ^ - 

N,N^-B^s-(2.2'-dihydroxybiphenylmethyl)ethylenedlir.lne 
(1.3.11.4). 

N.N:-Bls.(2.4HlihvdroxyblpHeh^™.*y,feih^,3„,^^^^^^^ 
Copper (H) complexes WW, Ih. fonoWing Compounds: 



1,4,7.10-Tetrasabicyclol5.S.2Itetradeca„e (1 1 22) 

a-LS-Z. «'.N^N■•Trts(2.hydroxy.2.2.diisopmpy,„,y„e,hy.,e«;yM 
triazacyclononane (1.3.1.13). 

2.1.3.3. ''.10-Bis,2.Hyd,o.yp,„py„.n.4.7.io.,e.,aa«blcvCo.S 5 2) 
tetradecane (1.3.1.39). 
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4.7-Bis(carboxymethylM.4,7.10.tetraa2abicyclot5.5.2]tetradecane 
(1.3.6.8). 

2.1.3.5. 4,lO-Bis(carboxymethyl)-1,4,7.10- 
tetraazabicyclo[5.5.2]tetradecane (1.3.6.12). 

2. 1 .3.6. 4,7-Bis(2-hydroxybenzyl)-1 ,4,7, 1 0- 

tetraazabicyclo[5;5.2]tetradecane (1.3.1 1 .1). 
2.1.4 Zinc (II) comirfexes with the following Compounds: 

2.1.4.1. N,NMM".Tris(2-hydroxy-2,2-dIlsopropyloxymethyl)ethy|.1,4.7. 
triazacyclononahe(1.3.l.13). 

2.1.4.2. 4.7-Bis(carboxymethyl).1.4.7,10-tetraazablcyclo[5.5.21tetradecane 
(1.3.6.8). 

2.1.4.3. 4,10-Bis(carboxymethVI)-1.4;7,lb- 
tetraazablcyclo[5.5.2]tetradecane (1 .3.6.1 2). 

2.1.4.4. 4,7-Bis(2-hydroxybenzyl)-1, 4,7,10- 
tetraazabicycloI5.5.2]tetradecane (1 .3.1 1 .1 ). 



2.1.5 



2.1.5.1. 



2.1.5.3. 
2.1.5.4. 



Manganese (II) complexes with the following Compounds: 



4.10-Bls(dlhydroxyphosphoryImethV)-1,4,7.10-tetraa2abicyclo 
[5.5.2] tetradecane (1.3.3.3). 

2. 1 .5.2. 4,7, 1 3-Tris(dlhydroxyphosphorylmethyl)-1 ,4,7, 1 0, 1 3- 

pentaazabicyclo {8.5.21heptadecane (1.3.3.4). 

1,2-Bis-(4,7-carboxymethyl-1,4,7-triazacyclononan.1.y|)ethane 
(1.3.6.7). ' 



4.7-Bis(carboxymethyl)-1,4,7,10-tetraazablcycloI5.5.2]tetradecane 
(1.3.6.8). 
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2.1.7 
2.1.7 

2.1.8 
2.1.8.1 

2.1.9 
2.1.9.1 



120 

Cadmium (II) complexes with the following Compounds: 

4.7.13.Tris{dlhydroxyphosphorylmethyl).1,4,7.r0l3- 
pentaa2ablcyclof8.5.2Jheptadecane (1 .3.3.4). 

Lead (ID complexes with the following Compounds: 

4,7,13.Trls(dlhydroxyphosphpiylmethyl)-l,4,7.10 13- 
pentaazabicycio I8.5.2]heptadecane (1 .3.3.4). 



Mercury (H) complexes with the following Compo 



unds: 



4,7.13-Trls(dlhydroxyphosphorylmethyl)-I.4,7,10,13. 
pentaazabicycio (8.5.2Jheptadecane (1 .3.3.4). ' 

Nickel (II) complexes With the following Compounds: 
4.7-Bis(carboxym.thyl,-1.4.7.10-tetraazabicyc.oC5.5.2,tetradecane 



(1.3.6.8). 

2.1.10 Calcium (II) complexes with the following Comp 

2.1.10.1. 4,10-Bis(carbpxymethyl)-1.4,7,io- 
tetraazabicyclo[5.5.2Itetradecane (1 .3.6. 1 2). 

2.1.10.2. 4,7.Bis(2-hydroxybenzyl)- 1,4,7. 10- 
tetraa2abicyclo[5.5.2Itetradecane (1 .3.1 1 .1 ). 



ounds: 



2.1.11 



Magnesium (It) complexes with the following Compounds: 



2.1.11.1. 4, 1 0-Bis(carboxymethyl)-1 .4,7, i q. 

tetraa2abicycloI5.5.21tetradecane (1 .3.6.12). 
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.2.1.11.2. 4,7-:Bis(2^hydroxybenzy|)-i,4,7,iO- 

tetraazabicycio[5.5.2]tetradecane (1 .3. 1 1 .1 ). 

2.2 Synthesis of Radioactive Complexes 

Water soluble salts of radioiisotopes of ^^i^^^ 
manganese (II) {e.g.. chloride salts of Fe-59. Gd-153) and chelators described in 
Examples 1.3 were heated M water. alcohol or OMSO solvents followed by base 
addition to achieve neutral or basic pH. Complex formation was verified by 
radiochronriatography. Employing this method the following cbm^plexes were 
synthesized. , % , 

2.2.1 Comple;^es of Fe-59 

2.2.1.1. N,N'.N-.Trls(2-hydroxy-3^is0prbp6xypr^^^ ^ 
triazacyciononane (1.3.1.1). 

(R. R. R) IM,N',N--Trls(2.hydr<>xyi3-isopropoxypropyl)-1.4,7. 
triazacyciononane (1.3.1.2). 

(S, S. S) N.N\NVTris(2-hydroxy-3-iSopropoxypropyl).1.4.7. 
triazacyciononane (1 .3.1 .3). 

2.2.1.4. R-R) N.NMM--Tris{2-hydroxy.3HSobijt6xypropyl).j.4,7. 
triazacyciononane (1.3.1.5). 

2.2.1 .5. N.N:.N''-Tris(2-hydroxy.3-methoxyprbpyl)-T.4.7-tria2aiycl^ 
(1.3.1.6). 

2.2.1.6. N.N'.N".Tris(2.3-dihydroxypropyl)^1,4.7-trlaiacyclorionane( " ' 
1.3.1.7). 

N,|y|\N"-Tris(2Thydroxy-2v2-dilsopropyioxymethyl)ethy|.1.4,7^^ ^ " 
triazacyciononane (1.3.1.13); 

^I.N%N>Tris(3-hydroxy-l .5-dlbxaGycloheptyl-3-methyl)-1 .4.7- 
triazacyciononane (1.3.1.15). ' 

2.2.1.9. N.N'.N--Trisf(3-hydroxy.7.7.dimethyl-1.5-dioxacyclooct-3-yl). 
methyl]-1 ,4.7-tnazacyciononane (1 .i3.1 .1 6). 



2.2.1.2. 
2.2.1.3. 



2.2.1.7. 
2.2.1.8. 
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2-2.1.10. NN.N--T„»H3*yd™xy.6.e.7.7-»«„.«.y,.,;5.d«,,.cycloh.p,.3 

yl)methylI-1,4.7.triazacyclonon.oB (1.3.1.18) 
2.2.1.11. N.N-.N--Tri,K3.hydroxy.1.5.<,ioxacycloo«.„e.3.y.)me«.v,J.i 4 7- 
tnazacydononane (1^3.1.20). 
S 2.2.1.12, |«^.-.~-^Hs,2*^^^^^ 

2,2.1.13. '^^■^^■^,r..,.^^^^ 

2.2:,.14. N.N%N--Trt,t2-hyd,oxy.2.2.bU,1.meM,oxy«Hv,,,tHyn;,.4.7^^ 
triazacyclononane (1.3.1.28). 

2.2.1.15. N.N-.N--Tr.s,2.hydroxyp„py,M.4.7.M.z.cyCono„,„e(1.3 1 30, 

2.2.1.16. ~.N%N--T,.s,d».yd,oxyphosphc,y,„e«W.™,o„obu.y.W;I'7 
triazacyclononane (1 .3.2.2). 

2.2.1.17. N.N-.N--Trte(dihyd,oxypho^horWm.*Wmbho.«,Vii«e,,.14 7. 
triazacyclononane (1.3.2.4). ' ' 

2.2.1.18. 4.10-Bls(dlhydroxyphosphorylmethyl).1,4.7,10- 
tetraazablcyclo[5.5.2] tetradecane (1.3.3 3) 

2.2.1.1S. N.^';~-rHs(dlhydroxypHospH^^^^^^ 

2.2.1.20. N.^«•.N^N■>TB,r,kfe,dihydroxyph.spho^^^^^^^ 
tetraazacyclododecane (1.3.3.6). 

2.2.1.21. 4.10.B,s,d*ydroxyphosph„^,.,Hy,,,,^ ^ . 
tetradecane (1.3.3.71. " "'".^..^J 

2.2.1.22. N.N-.M--Tris{I(die,hy,phosphoryl|.a.hyd,oxyJ*th^}.i.i^^ 
triazacyclononane (1.3.4.2). 

2.2.1.23. N.N%N-.Tri3l(r..™.«.y,.N.^yd„xyca*amoy,,™eihy.i:i.4.7. 
triazacyclononane (1.3.5.2). 

2.2.1.24. N.^'^N^Tr.^(N-.spp,opy^N*ydroxycart..a,oy„.e«.y,^1 4 7: 
triazacyclononane (1.3.5.4). . , ' ' 

2.2.1.25. N.N^N--Trisl,N...bu.y,.N.hyd,oxycart»m„y,,„e,hy,,0 7. 
triazacyclononane (1.3.5.6). 



suBsrrarrE sheet (rule 26) 



wo 97/01360 

PCT/US96/1078S 



2.2.1.26. 



123 

1,2.Bis.(4.7.carboxymethyI-l,4,7.tria2acyclonbnan-l.yl)ethane 
(1.3.6.7). 

2.2.1.27. N^N',N"-Tris(carboxyethyIM,4.7.triazacyclononane(1.3.6.10) 

2.2.1.28. N.N',N--TrisIN.n.butyl(methylcarboxanilde)J.1,4;7. 
triazacyciononane (1.3.10.2). 

2.2.1.29. 4,7-Bls(2.hydroxyben2y|)-1.4,7,10- 
tetraa2ablcyclo[5.5.2Jtetradecane (1.3.11.1). 
N.N'.Bis(dihydroxyphosphorylmethyl).1.4;7-trlazacyclononane 



2.2.1.30. 
10 2^2.1.31 . 



(1.3.12.3). 



N.(carboxymethyI).N',N-.bls(dlhydroxyphosphorylmbthyl).1.4.7. 
triazacyciononane (1.3.12.4). 



2.2.2 Complexes of Mn-54 

15 2.2.2.1 



20 



4,7-Bls(carboxymethyl).l.4.7,10.tetraazablcyclof5.5.2)tetradecane 
(1.3.6.8). 



EXAMPLg a 

This example Illustrates the ability of the chelating agents described 
above to inhibit cell replication in vitro. 



3.1: INHIBITIOIM OF BACTERIAL REPLICATION 

2. . .K . • ^t^'«ty Of a representative example 

25 Of the claimed ligands to inhibit replication of various bacteria in vitro. 

N.N%N:^tris(dihydroxyphosphorylmethyl)0.4.7-tnazacyclononane 
was prepared as described in Example IC in U.S. Patent No. 5.236 695 

Stud.es were performed to determine its ability to inhibit bacterial growth For 
30 T^'™' ^emoiyticus, Usteri. monocytogenes. Enterotscter oioaoae and ' 
K^t.s,eyneur.oni.exU. '"''^'''^^^^ concentration w.s determined to 

be0.l5mM/L. Enterococcus fecaiis. Pseudomonas aeruginosa 
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3.2: WHIBITION OF MYCOTIC CELL REPUCATION IN VITBb 

~, ,„H*..orv ccncen„3„on was 2.33 .M,L. 7>l.<,,i j; 
2'^'^m,es. Tr>c,o,,yrcn ,onsur.s ana Tr,oHo,,y.on .^^ceun. *e 
m,n,mal ■nhibltory concenua«on was 23.3 mM/l. 

3.3: INHIBITION OF MAMMALIAN CELL REPLICATION IN VITRO 

Of ,h. c,=. '"illn- Of represenative examples 

Of ,he c,a,med l.gands ,o Inhlbi. n,a™n cell repl,ca«on in vUro 

N.NSN"-,rlsWrhydroxvphosphorvi™.*v,,.,.4.7.„ia«cvclonc„,ne 
was prepared as described In Example ,Ci„ U.S. Paten. No. 5.236,695 

Concentrations of this ligand of O ooq mA/i/i • .-m.. 
.0. SOM cells ,a con... ce„ L o^Z^^^^^Isf"^ 
(human foreskin fibroblasts!. « """i- cells 

N,N',N"-Tris(carboxymethyll-1 4 7.Tria,»^i,-r 
136ii.,.„ '■'•'^"^acyclononane (Example 

1-3.6.1) a. a concentration of 0.009 mM/L inhibited BGM iell orov^h . 
concentration of 0.0,9 mM/L inhibited HFF cell gro J ' ' 

(Example , 

nd a? CO ^ """-^-on of 0:04 mM/L inhibited BGM cel. growth 

.rl ""^'^ 'nhlblted HFF cell growth. Diethyiene 

::z:ZoT::t- - <nhib,.ed r Mce,i 

growtn and at 0.3 mM/L inhibited HFF cell growth. 
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EXAMPLp il 

This example demonstrates the relative l^ck of toxicity of a 
representative example of the claimed ligands toward nonproliferating 

mammalian cells //7 wYro. 

N.N%N:-tris(d.:hydroxYphosphorylmethyi)ll.4,7-tria2ac^^^^^ 
was prepared as described Iri Example 1C in U.S. Patent No. 5,236,695 

A concentration of 0.3mM of this age^^ 
nonreplicating cultures of HFF (human foreskin fibroblasts, kept in mainterince 
med.a and no effect on. the resting cells was observed over a five-day period of 
observation. , , : ■ 



25 



30 



EXAMPLg R 

This example illustrates the low in vivo toxicity of a representative 
ligand administer intravenously to mice. 

Over 50O/O of mice receiving 4.0mM/kg intravenously of the sodium 

saltofN.N^^J".tris-(dihydroxyphosphorylmethyl)-1.4,7-triazacyclononane 
(Example 1C in U.S. Patent No. .5,236.695, as a single intravenoiis dose 
survived for over 14 days following such administration demonstrating that the 
acute LD50 of this ^gent is in excess of 4mM/kg. This vivo LD50 toxicity 
doseresult^inan instantaneous /Wwvo concentration Which is orders of 

magnitude greater than the dp,e Of this agent Which inhibits mamm^^^^ 
replication in vitro (0,009mM/L,., 

EXAMPIPft 

This example demonstrates, the relatively low subacute toxicity of a 
representative ligand administerpd.intravenously In repeated doses to rats 

73 4 . P. T "^'"^^ ^^^-^ "between 

73.4 and 87.8 grams at the begir^ning of the experiment were randomized 
employing the block stratification method, into two groups consisting of five 
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ra» each. On each of days ,, 2. 3. 6. 7. 8. 9, 10. 13 and ,4 of *e 
«<penmen, one set of ratt received an intravenous dos. of N.N' N"- 
trisldihydroxyphosphorylmethvl)-! A 7 tri.«.„ ^ 

Paten, No S 236 69S. . , „ in U.S. 

ent NO. 5.236,695. equal ,0 0.05 millimolas par kfl of initial body weigh, 
S (experimen,al group) while the oth., _ weign, 

■ *' 8™"P received an equivalent volume of 

nor™, sa„n, solution. The weights of ti,e anin^ls were recorded three ti,^' 

pe^weeK and ti,e animals erifioed 6n ^ 28th da, n^aior orgr 

r.n»ved and weighed and tissues removed for microscopic examination There 
was no statistically significen. difference in weigh, or rate of weigh, 
> ba,wean ti,e expenme„»l and control group of rats. ei«,er during l^rtod of 
■niacons or in ti,e two-wee. post-iniection period. There were no dler^^ 
ohse^ed hetween ,e weights of ma.or organs of ti,e experimental vs Z 
control group. There were no differences between ti,e tissues of «,e 
expenmental vs. the control group upon microscopic examination of «,. tissues 
obfained a, , he tirtie of necropsy. tne nssues 

complexes "^'^ 

Examples of the vivo distribution of radioisotopic complexes of 
™ esenta.ve ligands are herein disclosed which demonstrate the abi'ty I 
«..se agen,s ,0 predomlnantiy excreted by the kidneys, or theliver Ir^ ^ 
pass across cell .embra d accumula,e in ti.e in.racellular flu spao;^ , 

sp^ir ' -ticpated from non-radioisotopic paramagnetic complex 

, in the following examples certain radioisotopic complexes of 
sub,ec, ligands were administered InUavenously to mice and thT ti su 
-stribution Of the radioisotopic complexee was n,easur*d by^teln .f 
rad,o.so,opic con,ent of tissues removed at necropsy 
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6.1 : EXAMPLE OF A COMPLEX WHICH IS PREDOMINANTLY EXCRETED BY 
THE KIDNEYS IN THE URINE 

The iron-59 labeled complex of N,N',N'-tris(2,3-dihydroxy 
propyl)-! ,4,7-tria2acyclononane (Example 2.2. 1.6) was administered 
.ntravenously to mice and at necropsy the tissue distribution of radioactivity 
showed predominant concentration of the agent in the kidneys and urine. 

6.2: EXAMPLE OF A COMPLEX WHICH IS PREDOMINANTLY EXCRETED BY 
THE LIVER IN THE BILE. 

The lron-59 complex of N.N'.N"- trls(2'-hydroxy-3-iso- 
propoxypropyj)-l.4,7.trla2acyclononane (Example 2.2.1.1) was administered 
intravenously to mice and at necropsy the tissue distribution of radioactivity 
Showed predominant concentration of the agent in the liver, bile and intestinal 
contents. 

6.3: EXAMPLE OF A COMPLEX WHICH RAPIDLY PASSES ACCROSS CELL 
MEMBRANES AND ENTERS THE INTRiicELLULAR FLUID SPACE 
The iron-59 complex of N,N\N'*-trist2-hydroxy (2 2- 
diisopropyloxyaietHyl)ethVIJ.1.4.7:tria2acyclQnonane (Example 2.2.1 7) was 
admmistered intravenously to mice and at necropsy the tissue distribution of 
activity was consistent with an intracellular as well as extracellular fluid 
distribution. Within the first five minutes following agent administration the 
concentration of activity in the heart was greater than that of mixed venous 
blood indicating rapid equilibration of the agent across myocardial cell 
membranes. The liver concentrated the agent and excreted it into the bile 
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WHAT IS r LAiMgP llj i. 



1 . A method for inhibiting bacterial or fungal growth on a surf^c- 
.n a solution comprising administering to said surface or ^o^^^^^:' 
agent having the formula: complexing 



R4 



ml r 



R3 



R4 



wherein, 

P and q are each independently integers of from 2 to 3; 
r is an integer of from 0 to 4; 

R^ ond R* are each independently selected from the group consisting 
O H. „ , arv,._arvlal.vl. al.o.y. aLyithio. alkenoxy 

a keny ,h,o. aryloxy. ary.thio. alkyi interrupted by one or n,o™ oxa 
a kenyl .nterrupted by one or n,ore oxa. a.ky. interrupted by thia 

Zllr'T"" '^-V'"^VI, alkoxyaryl. amihoaM. 

aminoalkenyl, aminoaryl. aminoarylalkyi, hydroxyalkyi ' 

irorsr°™ 



|l41 1^43 



rrr 

R42 R44 



(V) 



wherein, 

R*', R^^ and R« are each independently selected from the group 
listing of H, aikyi, alkenyl, aryl, arylalkyl. alkoxy. 



const 
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alkylthio, alkenoxy, alkenylthio, aryloxy, arylthio, alkyi 
interrupted by oxa, alkenyl interrupted by oxa, alkyI 
interrupted by thia, alkenyl interrupted by thia, aryloxyalkyl 
alkoxyaryl, aminoalkyi, aminoalkenyl, aminoaryl 
aminoarylalkyi, hydroxyalkyi, hydroxyalkenyl, h^droxyaryl 
hydroxyarylalkyi, and halogen substituted versions thereof- 
R .s a member selected from the group consisting of H, hydrot 
am.no, alkyI, alkyl inten-upted by oxa, alkoxy, aryl 

thlltor"'"' ^"^ substituted Versions 

n is zero or 1 ; and 

X Is a member selected from the group consisting of alkyi, alkenyl 
aryl arylalkyi, alkoxy, alkylthio, alkenoxy, aryloxy, ary.thio 
alkyl interrupted by one or more oxa, alkenyl interrupted ty 
one or more oxa, alkyl interrupted by one or more thia 

alkenyl interrupted by one or more thia, aryloxyalkyl ' 
alkoxyaryl, aminoalkyi, aminoalkenyl, aminoaryl 
aminoarylalkyi, hydroxyalkyi, hydroxyalkenyl, hydroxyaryl 
hydroxyarylalkyi. halogen substituted versions of each of the 
above, and radicals selected from the group consisting of 
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wherein 

R*'. R«. R*? and R** are each independantly as described 
above; 

R*« and R*' are each independently selected from the group 
consisting of H. alkyl. and aryl, or taken together form 
a ring structure; 

R*» and R*» are each independently H, alkyl, aryl, alkoxy 

alkyl interrupted by dxa, aryloxyalkyi, alkoxyaryl, and 
halogen substituted version^ thereof; 

and R« are each independently selected from the 
group consisting of H, alkyi; alkehyl/ 

alkylQxy, alkylthio^^lkenyloxy; alk^nylthio. aryloxy' 
^'V'^WO'. aminoalkyr, aminoaikehyl, amlnbaryl, 

aminparylalkyl/hydroxyilkyi, hydroxyaikenyl, 
^Vf^'ioxyaryl, arid hydroxyarylalkyi; and 
m is an integer of from r to 3 
and wherein, optionally, any two of R', R^ r3 and R^ar^ combined to form a 
nng structure; and dimers thereof, said dimWs being formed by the 
covalent attachment of two complexing agents of formula (I) through a 
linking group having from 1 to 6 carbon atoms; and 
Physiological salts thereof with the provisa that the molecular weight of said 
complexing agent does not exceed 2000. 



2. A method in accordance with claim 1, wherein said surface is a 
human body surface. v : 



3. A method in accordance with claim 1 , wherein said complexiriq 
agent is added to a solution. _ mpiexing 
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R4 





R3 



iuUj 



R3 



R4 



wherein, 

P Ind q are each independentiy integers of from 2 to 3- 
r IS an integer of from. 0 to 4; r 

^'J^^^'"'^^ are each independently selected frr>r« 4k 
alkenylthio. aryloxy, aiyltblo, alkyM^^^^^^^ 
alkenyl interrupted by-thia, aryloxvalkvl . ^ ° 



|141 y43 



rrr 

R42 R44 



(V) 



wherein, i 

R« and R''3 are each Independently selected 



from the group 
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consisting of H. alkyl. alkenyl, aryl, arylalkyl. alkoxy 
alkylthio. alkenoxy. alkenylthio, aryloxy, arylthio, alkyl 
interrupted by oxa, alkenyl interrupted by oxa, alkyl 
interrupted by thia. alkenyl interrupted by thia, aryloxyalkyi 
alkoxyaryl. aminoalkyl. aminoalkenyl. aminoaryl 
aminoarylalkyl. hydroxyalkyl. hydroxyalkenyl. hydroxyaryl 
hydroxyarylalkyi, and halogen substituted versions thereof- 

R .s a member selected from the group consisting of H, hydrox^ 
ammo, alkyl, alkyl interrupted by oxa, alkoxy, aryl 
aryloxyalkyi, alkoxyaryl, and halogen substituted versions 
thereof; 

n IS zero or 1 ; and 

X is a member selected from the group consisting of alkyl. alkenyl 
aryl arylalkyl. alkoxy, alkylthio, alkenoxy, aryloxy, arylthio. ' 
alkyl interrupted by one or more oxa. alkehyl interrupted by 
one or more oxa. alkyl interrupted by one or mor4 thia 
alkenyl interrupted by one or more thia; aryloxyalkyi, ' 
alkoxyaryl, aminoalkyl, aminoalkenyl. aminoaryl 
aminoarylalkyl. hydroxyalkyl, hydroxyalkenyl. hydroxyaryl 
hydroxyarylalkyl. halogen substituted versions of each of the 
above, and radicals selected from the group consisting of- 
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Wherein 

" aLrvl^""* ^^'"^ independently as described 

and R- are each independently selected from the group 

consisting Of H, alM, and aryl, or taken together form 
a ring structure; , 

.R- and R^3^re each independently H: alk^^^^^ 

alkyl interrupted by oxa, aryiox^||,y,, 3lk^^^^^ 
halogen substituted versions thereof- 

... R^^ and R« are each independently selected from the 

alkyloxy, alkylthio, alkenyloxy, alkenylthio, aryloxy 
^ ^'"i"°^'M/aminoalken^^^ 

aminoarylalkyi, hydroxyalkyi, hydroxyalkenyl ' 

? hydroxyaryi; and hydroxyarylalkyi; and 
m is an integer of from 1 to 3- 
and wherein, optionally, any two of R? r3 «„w 04' 

Hng structure; and dimers tHereoV^.il^^^^^^^^ ^ 
covalent attachment of two compl.xing agents of formula 0, through a 
linking group having from 1 to 6 carbon atoms- 
and physiological salts thereof, with the proviso that the mnio. . 
said complexing agent does not exceed 2000; and 33^011^' ' °' 

present in a pharmaceutically acceptable carrier ^gent is 

of first tr treating conditions associated With elevated levels 

of first transition series elements in a patient comDri.*i„„ • • 
oatient an o«i^*- , *^°'"P"sing administering to said 

pafen, an effective amoum of a complexing agen, having .he'formula! 
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R4 






R4 



(D 



wherein, 

P and q are each Independently integers of from 2 to 3. 
r IS ah integer of from 0 to 4; 

R^ and R* are each Independentlv selected fr«r„ 

al.e«v. ln.errup.e. by one or ^o,e oxa..,M >lZZ T; ^r"' 
alkany, j^.,„up.ed by.hia. a^^^^^^^ 

an^noaltenyf. a,«i„oaryl. a^inoaryialky,. hydroxyaiky, ' 




(V) 



R42 



wherein, 

«l«,ad from ,he group 
cons,st,ng of H, alkyl. alkenyl. aryl. aryliiky, allcoxv ^ 
a,Kv,.H,o, a,kenoxv, a,kenv.,H,o. aryloxy. Jyi^'^^, 
interrupted by oxa, alkeny, interrupted by oxa. alky, 
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interrupted by thia, alkenyl Interrupted by thia, aryloxyalky, 
alkoxyaryl, aminoalkyi, aminoalkenyl, aminoaryl ' 
aminoarylalkyl, hydroxyalkyi, hydroxyalkenyl. hydroxyaryl 
hydroxyarylalkyi, ar.d halogen substituted versions thereoi- 

R .s a member selected from the group consisting of H. hydroxy 
ammo, alkyi, alkyi interrupted by oxa, alkoxy. aryl 
aryloxyalkyi, alkoxyaryl. and halogen substituted versions 
thereof;. 

n is zero or 1; and 

X is a member selected from the group consisting of alkyI, alkenyl 
aryl arylalkyi, alkoxy, alkylthio, alkenoxy. aryloxy, arylthio 
alkyI interrupted by one or more oxa, alkenyl interrupted by 
one or more oxa, alkyI interrupted by one or more thia 
alkenyl interrupted by one or more thia, aryloxyalkyi 
alkoxyaryl, aminoalkyi, aminoalkenyl, aminoaryl, 
aminoarylalkyl, hydroxyalkyi, hydroxyalkenyl, hydroxyaryl 
hydroxyarylalkyl. halogen substituted versions of each of the 
above, and radicals selected from the group consisting of • 
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wherein . , 

R*\ R«. R*' and R** are each independently as described 
above; 

R" and R" are each: independently sefetted from the group 
consisting of H. alkyl, and aryl. or tiken together form 
a ring structure; 
R*» and R« are each independently H, alkyl, aryl, alkoxy 

alkyl interrupted by oxa, aryloxyalkyl. alkbxyaryl, and 
halogen substituted versions thereof; 
R*°, R'^' and R« are each independently selected from the 
group consisting of H, alkyl, alkenyl, aryl. arylalkyi 
alkyloxy. alkylthio, alkenyloxy, alkenylthio, aryloxy' 
arylthio, aminoalkyi, aminoalkenyl, aminoaryl 
aminoarylalkyi, hydroxyalkyi, hydroxyalkenyl,' 
hydroxyaryl, and hydroxyarylalkyl; and 
m is an integer of from 1 to 3- 
and Wherein, optionally, any two of W, R3 and R« are combined to form a 
nng structure; and dimers thereof, said dimers being formed by the 
covalen, attachment of two complexing agents of formula (I) through a 
linking group having from 1 to 8 carbon atoms- ' 
and physiological salts thereof, with the proviso that at least one R' group is 
other than a radical of formula ,V. in which X is carboxylic acid and IZZ 

a ,e carr . ' PHarmaceutically ' 



. H K^' * in accordance With claim 4 wherein said conditions are 

mediated by proliferation of DNA or RNA viruses. 
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neoplasia. " """^ """"^"^ ' ^^"-'^ condition is 

bacteria. i„L* n^""' ^ condition is a 

funsa, JJuol ' " condition is a 

prcozoa, LL« ' *^ - ~n is a 

in«am™,If, eon^Son' ""^ ' an 

13. A method in accordance with claim 7 • 

immune disorder. ^ wherein said condition is an 

14. A method in accordance with claim 7 wherein caW « ^. • 
pregnancy termination, wherein said condition is a 

- is a 

n,=.a.ed::-.ir:-::^^ 

17. A method in accordance with claim 1 ft ...u 
e^e^.d.o..,,,o.poo„sis^ 

18. A method in accordance with claim 5 wherein 
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twn of . H pi , ^'^^'"s 1, 4 or 5, wherein at least 

conta.n.ng phosphonic acid mono ester-containing radicals, carboxy.ic 

acid-containing radicals and combinations thereof. 

20. A method for nuclear medical imaging or enhancing contrast in 
magnefc resonance imaging in a patient, said method comprising 

administering to said patient a pharmaceutical composition Wrhprising a 
rad.o.sotop.c or paramagnetic first transition series element which is in chlted 
form with a compound of fbrmula: '» 'n cneiated 



Rl 



R4 




2 



r r 



R3 



R2 



R3 




(D 



wherein. 



p and q are each independently integers of from 2 td 3; 
r is an integer of .from 0 to 4; 

RV R3 ar>dR^ are each independently selected ^rbn^ the group consisting 
of H, alkyi, alkenyl, aryl, arylalkyi, alkbxy, alkylthio, alkenoxy 
alkenyithio, aryloxy, arylthio, alkyi interrupted by one or more oxa 
^ alkenyl interrupted by one or more oxa, alkyI interrupted by thia ' 
, alkenyl interrupted by thia/ aryloxyaikyi, aikokyaryl, aminoalkyi ' 

, aminoajkenyl, aminoaryl, aminoarylalkyl/hydroxyalkyi 

hydroxyalkenyl, hydroxyaryl, hydroxyarylalkyi, halogen substituted 
versions thereof; 

R' is a member selected from the group consisting of R^. R3, r*^ and 
radicals of formula: 
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(V) 



Wherein, 

R« and R« are each ihdependentiv seleet«w 
consisting of H. alkvl aLnJ fro"™ the group 

aikylthio, alkenoxy, alkenylthio, aryloxy, arylthio alkvI 
interrupted bv oxa flitor,wi - * ' «ryiinio, aikyi 

oy oxa, alkenyl interrupted by oxa alkvl 
interrupted bv thia aiironwi • * ^ 

is a memJ^, Lecl from 2" 

n is zero or 1 ; and 

X is a member selected from the arn..o ^« • • 

alkyl ,„,errupted by one or more oxa alke„„l • ^ ' 
one o, more oxa. a,ky, Inte.u^.^Z^'^ TT'" 
a.kenv, ,n.errup,e. by one or Lre ^rH;;^^^^^^^ 
a.koxyary,. aminoalkyl. aminoalKeny,, amin«~ 

a.ov,ar.,a.eaMe,ec,e.C:::~'-:^^^^ 
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wherein 

^^^^ independently as described 

above; 

R" and R" are each independemly selected from ,he group 
cons.s«„g 0, H. alkw, and aryl. or ,aRen together fo™ 
a nng Structure; 

R- and^R« are each independently H, alkyl, aryl, alkoxy, 

alkyi interrupted by oxa, aryloxyalkyl. alkoxyaryl, and 
halogen substituted versions thereof- 

R", R«' and R*^ are each independently selected from the 

group consisting of H, alkyI, a.kenyl, aryl. arylalkyi 

alkyloxy, alkylthio. alkenyloxy. alkenylthio. aryjy' 

arylth.0, aminoalkyl, aminoalkenyl, aminoaryl 

ammoarylalkyl, hydroxyalkyl, hydroxyalkenyl' 

hydroxyaryl. and hydroxyarylalkyl; and 

m is an integer of from 1 to 3; 
and whierein, optionally, any two of R' r2 r3 o4 . 

*^ and R* are combined to 

form a ring structure; and dimers thereof said rfir« T 

bv the cov..e„t attachment o. t«o rZ^™ Crr""'' 
through al,nk,ng group having from 1 to 6 carbon ato J 

rorand' °' — - no. 

elemenf -"'"'^'OP- - Paramagnetic firs, transition series 



formula: 



21. A pharmaceutical composition comprising a compound of the 
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wherein, 

P and q are each independently integers of frohi 2 to 3; 
r is an integer of from 0 to 4; 

R^ and R« are each independently selected from the group consisting 
O H. a .V,. al.env,, aryi. aryialM. .alfcOxy; «M.hio. al'eno" V 
alkeny ,h,o, aryloxy. arylthio. alkyl interrupted by on. or more ox. 
aikeny .nterrupted by one or more oxa. alky, interrupted by thi! 

atr .r'T""" ^'^'-^^'"V- «"<°xyary., .minoaiky 

ammoalkenyl, amrnoaryl. aminoarylalkyl, hydroxyalkyl 
hydroxyalkenyl. hydroxyaryl, hydroxyarylalkyl. halog.^ substituted 
versions thereof; "*"iutea 

R- is a men,ber selected from the group consisting of R'. R». and 
radicals of formula: 



(V) 



wherein, 

R« and R« are each independently selected from the group 
consisting of H, alkyi, alkenyl, aryl, arylalkyi, alkoxy 
alkylthio, alkenoxy, alkenylthio, aryloxy, arylthio, alkyI 
interrupted by oxa, alkenyl interrupted by oxa alky! 
interrupted by thia, alkenyl interrupted by thia', aryloxyalkyi 
alkoxyaryl, aminoalkyi, aminoalkenyl. aminoaryl 
aminoarylalkyl. hydroxyalkyl, hydroxyalkenyl, hydroxyaryl 
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.7 IT""" '""^ *° ■=''™'*«"fl H. hydrox; 
am,no. alky., alkyi interrupted by oxa, alkoxy. aryl 

«y.oxyalky., alkoxyaryl. and h„o,en substituted Versions 
n IS zero or 1 ; and 

X is a member selected from the group consisMng of alkyI alkenvl 
ary. aryLlky,. alkoxy. aikyltbio, alkenoxy. !ryloxy 
2' »«"nip.ed by one or more oxa. alkenyi in,^rupTe*b; 
one or more oxa. alkyI Interrupted by one or more tWa 

.^kenyl.,nterruptedbyoneorrhorethia.aryloxyalkyl ' 
alkoxyaryl. aminoalkyi, aminoalkenyl. aminoaryl 

amjnoarylalkyl. hydrbxyalkyl. hydrbxySlkeoyl. h;droxyaryl 
hydroxyarylalkyl, halogen substituted versions o, each 
aboy.. and radicals selected from^e g,o„p 
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wherein 

R*^ R*^ R« and are each mdependently as described 

above; 

R" and R" are each independently selected from the oroun 
cons,s.,ng ot H. elkyl. and eryl. or uken together fo^ 

a ring structure; 
and R- are each independently H, alkyl, aryl, alkoxy 
alkyi mterrupted by oxa, aryloxyalkyl. alkoxyaryl, Ind 
halogen substituted versions thereof; 
R", R»' and R« are each independently selected from the 
group consisting of H, alkyl, alkenyl, aryl, arylalkyl. 
alkyloxy, alkylthio, alkenyloxy. alkenylthio. aryloxy 
arylthio. aminoalkyi, aminoalkenyl, aminoaryl 
ammoarylalkyl, hydroxyalkyl. hydroxyalkenyl ' 

hydroxyaryl, and hydroxyarylalkyi; and 
^ 's an integer of from 1 to 3 

and Wherein, optionally, any two of R^ R^ r3 3„d R4 ./e combined to form . 
r.ng structure; and dimers thereof, said dimers being formed Jy the 
covalent attachment of two compounds of formula Ml thr^ J . 
group having from 1 to 6 carbon atoms; anl ' ' ' ""''"^ 

:hr r~^^^^^ Oroup is other 

^.o that the molecular weight orsai;c:ror^^^^^^ nt erlraooo"^ 
Pharmaceutically acceptable carrier. exceed 2000; in a 



22. Compounds having the formul 



a: 
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rr r 

T 



rrr 



R3 

^ J 




wherein, _ 

p and q are each independently integers of from 2 to 3; 
r is an integer of from 0 to 4; 

R^ and R* are each independently selected from the group consisting 
of H, alkyi, alkenyl, aryl, arylalkyi, alkoxy. alkylthio, alkenoxy 
alkenylthio, aryloxy, arylthio, alkyI interrupted by one or more' oxa 
alkenyl interrupted by one or more oxa, alkyI interrupted by thia 
alkenyl interrupted by thia, aryloxyalkyl. alkoxyaryl, aminoalkyl. ' 
aminoalkenyl, aminoaryl, aminoarylalkyi, hydroxyalkyi, 
hydroxyalkenyl, hydroxyaryl, hydroxyarylalkyl. halogen substituted 
versions thereof; 

R' is a member selected from the group consisting of R^, r3, r*, and 
radicals of formula: 



rrr 



(V) 



wherein, 
R*\ 



R« and R*' are each independently selected from the group 
consisting of H, alkyI, alkenyl. aryl, arylalkyi, alkoxy, 
alkylthio, alkenoxy, alkenylthio, aryloxy, arylthio, alkyI 
interrupted by oxa, alkenyl interrupted by oxa, al'kyi 
Interrupted by thia, alkenyl Interrupted by thia'. aryloxyalkyl, 
alkoxyaryl, aminoalkyl, aminoalkenyl, aminoaryl, 
aminoarylalkyi, hydroxyalkyi, hydroxyalkenyl. hydroxyaryl. 
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hydroxyarylalkyl. halogen «,bs«,uttd versions .hereof- 
■s a member selected from the group consisting of H, hydr«v 
amino, alkyl. alkyl interrupted by ox., alkoxy. ary, ^' 
.ryloxyalM. alkoxyaryl. and halogen substituted Versions 



n is zero or 1 ; and 



X is a member selected from the group consisting of alkyl allienv. 
aryl. arylalkyl. alkoxy. alkylthio. ..kenoxy, aryloxy ar^l,?'' 
alkyl ..errupted by on. or more oxa. alkenyMntlTC^:; 
one o, more oxa. alkyl interrupted by one or more 4. 
a kenyl .nterrupted by one or more thia. aryloxyallcyl 
alkoxyaryl. aminoalkyi, aminoalkenyl. aminoaryl 
aminoarylalkyl. hydroxyalkyi, hydroxyalkenyl, h^droxyary, 
hydroxyarylalkyl. halogen substituted versions of each The 
above, and radicals selected from the group consisting of 
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Wherein 

'^ai,r.:'"'' """pendent as described 

R" and R" ar. each independen«y selected f,o„, ,he grouo 

R« an^ each independently H. alkyl. aryi. alkoxy 

a yl .nterrupted by.xa. aryloxValky,. alkoxyaryrand 
^halogen substituted versions thereof; 

R . R and R« are each independently selected from the 

group consisting of H. alkyl. alRenyl, aryl. aryrallcy, 

a Moxy. alMthio. alkenyloxy. a,l<enyl«,io. a^xy 

ary.th,o, ammoalkyl. aminoallcenyl. a„i„oa,y, 

ampnoarylalkyl. hydroxyalkyl. hydroxyalkenyl ' 

hydroxyaryl, and hydroxyarylalkyi; and 

I an integer of from 1 to 3. 

and wherein at least two of said R' and R" «r„.._ 

contiguous carbon atoms dLl attach" t " — ' " 
carbon atom in a position e 'o l "^^ '° ^""'^ 
hydroxy and at least one member sr^edf^Tth ' 
HvdroxymetHyl. alkoxymethyl, al JnoxyCyTaTy^^^ °' 
combinations thereof; aryloxymethyl and 

and wherein, optionally, any two of R\ r3 gnd ^r*. . ^■ 

ring structure; and dimers thereof said Zer. H 7 '° " 
covalent attachment of two co:!,::!^:^^^^^^^ ^ 
group having from 1 to 6 carbon atoms- ^^'^ " "'"'^•"9 

and physiological salts thereof, with the proviso that the rr^nio . 

said compound does not exceed 2000. molecular weight of 
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23. A compound in accordance with claim 22, wherein the cations of 
said physiological salts are sodium or N-methyl glucamine. 

24. A method for inhibiting bacterial or fungal growth on a surface or 
in a solution comprising administering to said surface or solution a complexina 
agent having the formula: 



Rll 




N Rll 



wherein, , . 

t, u arid. V are each independently 2 or 3; 
w is an integer of from 1 to 4; 

^r!^ are each independently selected from the ^roup consisting of 
H, alkyi, alkenyl, aryl, arylalkyl. alkoxy, alkylthib, alkenoxy. 
alkenylthio, aryloxy, arylthio. alkyI interrupted by one or more oxa, 
alkenyl interrupted by one or more oxa, alkyI interrupted by thia 
alkenyl interrupted by thia, aryloxyalkyi, alkoxyaryl, aminoalkyi, ' 
aminoalkenyl, aminoaryl, aminoarylalkyi, hydroxyalkyi, 
hydroxyalkenyi, hydroxyaryl. hydroxyarylalkyi, halogen substituted 
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versions thereof; 

is a member selected from the group consisting of R'=^ Rta and 
radicals of formula: 9 h , h and 



TTT 

R42 R44 



(V) 



wherein, 

R'\ R« and R" ,re each independency selected from the group 
cons,s,.ng of H, a,ky,, „kenW. aryl. arylallcyl. a.koxy 
alkylth,o, alkenoxy, alkenylthio, aryloxy. arylthio. alkyl 
rnterrupted by oxe, alkenyl interrupted by oxa, alkyl 
■merrupted by thia. alkenyl interrupted by thia. aryloxyalkyl 
alkoxyaryl. aminoalkyi, aminoalkenyl, aminoaryl 
aminoarylalkyl. hydroxyalkyi, hydroxyalkenyl. h^droxyaryl 

R .s a member selected from the group consisting of H, hydroxy 
am,no. alkyl, alkyl interrupted by oxa. alkoxy aryl 

'hTeor'"' 

n is zero or 1 ; and 

X is a member selected from ,h. group consisting of alkyl alkenvl 
aryl arylalkyl. alkoxy. alkylthio. alkenoxy. !ryloxy.'aryl hiV' 
alkyl .nterrupted by one or more ox,, alkenyl Interrup'eTb; 
one or more oxa. alkyl interrupted by on. ,, mor* thia. 
a kenyl interrupted by one Or more thia. aryloxyalkyl 
alkoxyaryl. aminoalkyi. aminoalkenyl. aminoaryl 
aminoarylalkyl. hydroxyalkyi. hydroxyalkenyl. h;droxyaryl 

hydroxyarylalkyl, halogen substituted yersions Of each oTthe 
aboye. and radicals selected from the group consisting of 
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R42 



R43 



wherein 

R*^, R*VR« and are each independently as described 
above; 

R« and R" are each independency selected from ,he group 
cons.s,,„9 Of „. alky, and ery,. or .e.en together form 
a d,valent hnking group between the atoms to which 

R and R each .ndependemly selected from «,e group 
consisting of H. alkyl. aryl. alkoxy, alkyi interrupted by 
oxa aryloxyalkyl. alkoxyaryl, and halogen substituted 
versions thereof; ">urea 

R". H" and R« are each independently selected from the 
group consisting of H. alkyl. alkenyl, aryl. arylalkyl, 
alkyloxy, elkylthio. alkenyloxy, alkenylthio, aryloxy 
arylthio. aminoalkyi, eminoelkenyl. an»noaryl 
aminoarylalkyl, hydroxyalkyi, hydroxyalkehyl ' 

hydroxyaryl, and hydroxyarylalkyl; and 
"> » an integer of from 1 to 3 
and Wherein, optionally, any two of R', R3 snd R^ are combined to form a 
nng structure.- and dimers thereof, said dimers being formed by 17 
covelen, attachment o,^o complexing agents of formuTa m thrrugh a 
linking group having from 1 to 6 carbon atoms- 
and physiological salts thereof, with the proviso that tho ™„i . 
said complexing agent does no. exceed 20^ °' 

human body surfre'."" -"^ce is a 
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agent 



26. A method In accordance with claim 24, wherein said complexinq 
IS added to a solution. H'oj^ing 



of . . conditions dependent on the bioavailability 

of f .rs trans^.on series elements in a patient, comprising administering to sa^ 
patient an effective amount of a complexing agent having the formula 




N Rll 



(0) 



wherein^ 

t, u and V are each independently 2 or 3; , 
w is an integer of from 1 to 4; 

R- and R'-are each independently selected from the. group consisting of 
H, alkyl. alkenyl. aryi; arylalkyi, alkoxy, alkylthio. alkenoxy 
alkenylthic, aryloxy, arylthio, alkyi interrupted by one or more oxa 
alkenyl interrupted by one or more oxa, alkyI interrupted by thia 
alkenyl interrupted by thia, aryloxyalkyi, alkoxyaryl, aminoalkyi ' 
ammoalkenyl, aminoaryl. aminoarylalkyi, hydroxyalkyi 
hydroxyalkenyl, hydroxyaryl, hydroxyarylalkyi, halogen substituted 
versions thereof; 
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R" is a member selected from the group consisting of R" and 
radicals of formula: 



nr 
~rrf 



(V) 



wherein, 

R". R« and R« a,, aach independently selected from a,e group 
cons,st«g of H. alkyl. alkenyl. aryl. arylalkyl, alkoxy 
alkylthio. alkanoxy, alkanylthio. aryloxy, arylthio. alk'yl 
-ntarrupted by oxa. alkenyl interrupted by oxa. alkyi 
interrupted by tt,ia. ..kenyl interrupted by thia. aryioxyalky, 
alkoxyaryl, aminoalkyl. aminoalkenyl. aminoaryl 
aminoarylalkW. hydroxyaikyl. hydroxyalkenyl. h;droxyaryl 
hydroxyerylalkyl. and haloflen substituted versions thereof- 
R .s a men,ber selected fron, the group consisting of H. hydrot; 
am,no. alky,, alkyl interrupted by oxa. alkoxy, aryl 
aryloxyalkyi, alkoxyaryl. and halogen substituted v'ersions 

n is zero or 1 ; and 

X is a n,ember selected from the group consisting of alkyl alkenvl 
aryl, arylalkyl. alkoxy. alkylthio, alkenoxy. tyloxy ar!^*" 
alkyl interrupted by one or .ore oxa, alk'enylZlpTed Ly 
one or mora oxa, alky, interrupted by one or more thia 
alkenyl .nterruptad by one or more thia, aryloxyalkyi 
alkoxyaryl, aminoalkyl, aminoalkenyl, aminoaryl 

aminoarylalkyl, hydroxyaikyl, hydroxyalkenyl, h;droxyaryl 
hydroxyarylalkyl, halogen substituted versions of each oTthe 
above, and radicals selected from the group consi ting o 
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R42 



R43 



wherein 

^ ' abrJl.^"'* ^^""^ ''ndependently as described 

R« and R- are each independently selected from the group 

a^rf r."' together for^ 

a divalent Imking group between the atoms to which 

R and R are each Independently selected from the gro^p 
consisting of H, alky,, aryl, alkoxy, a.kyi interrupted by 
oxa aryloxyalkyi, alkoxyaryl. and halogen substituted 
versions thereof; ^"luiea 

R", R- and R« are each Independently selected from the 
group consisting of H, alkyi, alkenyl, aryl, arylalkyi 
alkyloxy, alkylthio, alkenyloxy, alkenylthio, aryloxv' 
arylthio. aminoalkyi, aminoalkenyl, aminoaryl 
aminoarylalkyi, hydroxyalkyi, hydroxyalkenyl ' 
hydroxyaryl, and hydroxyarylalkyi; and 
m 's an integer of from 1 to 3• 
and wherein, optionally, any two of R' R2 R3ar,WD4 

covalent attachment of two comolexina«no«* ormea by the 

-rnkina aroup Having fron, 1 ,„ 7^„ZZ " 

tr "/or °' — « .oes no. 



28. A method for treating conditions den#.nWo«* 
P»..e„. an e„ec«ve an,oun. of a con,p,exi„g ,,en. haling ZTZIL. 
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Rll 




N Rll 



(n) 



wherein, 

t, u and V are each independently 2 or 3; ; 
w is an integer of from 1 to .4; 

/ K ^"deperidently selected^^^^^ th^^roup consisting of 

: .. J1'^'Hv|';,|'kenyl. aryl. arylaikyi,; alkoxyy alkyitWo. alkenoxy 

^ alkenylthio. aryloxy, a alky! interrupted by one or more oxa 

,v ..^"'^''r!. '"^^'^VP^^^ more oxa, alkyi ihtferrupted by thia 

alkenyl interrupted by thia. aryloxyaikyi, alkoxyaryl, aminoalkyi, ' 
aminoalkenyl, aminoaryl, aminoarylalkyl,. hydroxyalkyi, 
; hydroxyalkenyl. hydro^^^ substituted 
versions thereof;. 

R" is a mernber selected from the group consisting of R«, R" gnd 
radicals of formula: 
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(V) 



wherein, 

R", R« and R" are each independently selected from the orouo 

7!^"'°* ''''•"^'••'^'•»'V'«''<V'.allcoxv 
alkylth,o, elkenoxy, alkenylthio, arylcxy. arylthio. elltyi 
mterrupted by oxa. alkenyl Interrupted by oxa. alkyi 
.nterrupted by ,hia, alkeny, interrupted by .hie. aryloxyalkyi 
alkoxyeryl. aminoalkyi, aminoalkenyl, aminoaryl 
aminoerylalkyl, hydrcxyelkyi. hydroxyalkenyl, h;droxy„y, 
hydroxyarylalkyl. and halogen substituted versions ther«;. 
R .. a member selected from the group consisting of H. hydroxO 
ammo. alkyI, alkyI interrupted by oxa. alkoxy. aryl 
«yloxyalkyl, alkoxyaryl, and halogen substituted Jersiqns, 

n IS zero or 1 ; and 

X Is a member selected from the group cbnsisth^g of alkyI alkenvi 

alky, .nterrupted by on. .r more oxa/^lke^i W.^^^"; 
one or more oxa, alkyI interrupted by bh^ br more thia 
alkenyl interrupted by one or mbr6 thi^, ah^ioxyalkyl ' 
alkoxyaryl, aminoalkyi, amincJalkenyl, amihoaryl ' ' 
aminoarylalkyl, hydroxyalkyi, hydroxyaik^h^^ 
hydroxyarylalkyl, halogen substituted v^slcins of each ol the 
above, and radicals selected fron. the gVd6^ consisting ^ 
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wherein 

'^^^e^" "^^ '""""""•""V as describ«) 

"T '"^""^'"''y "'«"ed ,ro„, .he group 
consisong of H. .Ikyl and aryl. or taken .ogertef fZ 
^d,v,.en. .inking g„op between ,he atoms to 

R and R ,„ each independenUy selected from the gro^p 
=ons.s»ng of H, alky.. ,ry|. alkoxy. alky, interrupted hy 

R» R" and R« are each independently selected from the 
group consisting of H. alkyl. alkenyl. aryl. arylalky, 
alkyloxy. alkylthio. aikenyloxy. alkenyfthlo. a^yloxy 
ary.,h.o, aminoalkyl. aminoalkenyj. aminoaryl 
ammoarylalkyl, hydroxyalkyl. hydroxyalkenyr, 

hydroxyaryl, and hydroxyarylalkyi; and 
_ . ^ . integer of from I to 3- 

and wherein, optionally, any two of R' R2 b3 „^ -i ' 

ring structure; and JLs thereof said Tmers r 'T""'" '° ' 

covalen, attachment of two com^xing 11 

Knking group having from , to 6 ^rhon ^ml ~ ^ 
terror °' ~- -es no. 



29. A method in accordance with claim 27 wherein saiH . . 
are mediated by proliferation of DNA or RNA viruses. conditions 
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30. A method in accordance with claim 27 wherein said conditions 
are mediated by cell proliferation. 

neoplasia^^' ^ ""^'^^''^ 3°' wherein ^aid condition is 

32. A method in accordance with claim 30. wherein said condition is 
a bacterial infection. «"a«ion is 

33. A method in accordance with claim 30, wherein said condition is 
a fungal infection. 

34. A mfethod in accordance with claim 30, wherein said condition Is 
a protozoal infection. ■"wn is 

35. A method In accordance with claim 30, wherein said condition Is 
an inflammatory condition. 

36. A method »n abcordance with claim 30, wherein said cbhdiilon is 
an immune disorder. 



37. A method in accordance with claim 30, wherein said condition is 
a pregnancy termination. 

38. A method in accordance with claim 30, wherein said condition is 
a condition mediated by osteoclast proliferation. 

39. A method in accordance with claim 27, wherein said conditions 
are mediated by free radical or oxidation related tissue destruction. 

40. A method in accordance with claim 39, wherein said conditions 
are selected from the group consisting of rheumatoid arthritis and related 
disorders. 

41. A method In accordance with claim 28, wherein said conditions 
are selected from the group consisting of hemachromatosis, hemosiderosis and 
Wilson's disease. 
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42. A method in accordance With Claims 24 27 or 28 u.h. 

and V are each 2, and w is 1 . ' ^^«'^ein t, u 

43. A method in accordance with claim iio ...u 

ac,d-conta.n,ng radicals and combinations thereof. 

44. A method in accordance with claims 24 27 or 9r • 

and V are each 2, and w Is 2. wherein t, u 

ac,d-conta,n.ng radicals and combinations thereof. 

form with a compound of formula: * ""^'^^ ^^^'^^ed 
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N Rll 



wherein, 

t, u and V are each independently 2 or 3; 
w is an integer of from 1 to 4; 

R'^ and R" are each independently selected from the group consisting of 
H. alkyl. alkenyl. aryl. arylalkyi, alkoxy, alkylthio, alkenoxy 
alkenyithio, aryloxy, arylthio, alkyi interrupted by one or more oxa 
alkfenyl interrupted by one or more.oxa, alkyI interrupted by thia 
alkenyl interrupted by thia, arylpxyalkyi, alkoxyaryl. aminoalkyi, ' 
aminoalkenyl, aminoaryj, aminoarylalkyi, hydroxyalkyi, 
hydroxyalkenyl, hydroxyaryl. hydroxyarylalkyl. halogen substituted 
versions thereof; 

is a member selected from the group consisting of R'^ R'3 
radicals of formula: 
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(V) 



wherein, 

n". f^' and R« „e each indepandentiy selected from the oroun 

alkylthio. alkenoxy. allcenyl.hio. aryloxy. anrtthio. alL 
;n errupted by cxa. alkeny. imerrupted by 7x3. , ^ 
.n„„upted by thia. a(lc.„y, interrupted by thia. ar^oxyalM 
alkoxyaryl, .„,inoalkyl. ,an,inoall<eny,. aminoar;i ' 
am,noaryl„M. "ydroxyalkyl. hydroxya.kenyl. h;droxyary( 

R « a member selected from the group consisting of H. hydroxv 
amino, alkyl. alky, interrupted by oxa. alkoxy ary, 
aryloxyalkyl. alkoxyaryl. and halogen substituted 'versions 

n is zero or 1 ; and 

X is a member selected from the group consisting of alkyl alkenvl 

aryl arylalkyl. alkoxy. alkylthio. alkenoxy.lyloxrarCLio 
alkyl .nterrupted by one or more oxa. alkeny, interC^ 

one or more oxa. alkyl interrupted by on. or n«,re t^r ' 
alkenyl .n errupted by one or more thia. aryloxyalky, 
alkoxyaryl, ammoalkyl. aminoalkenyl.ami„oaryl 
ammoarylalkyl. hydroxyalkyl. hydroxyalkenyl, h^droxyaryl 
-hydroxyarylalkyi, halogen substituted versions oi in T . 
''■-- --s selected from the gt::™:^^^^^^ 



J 
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wherein 

R*^ R« and R^ are each independently as described 
above; 

R« and R*' are each independently selected from the group 
consisting of H, alkyi and aryl, or taken together form 
a divalent linking group between the atoms to which 

R« .nT^*"'' ^"^^ "^'^ a ring Structure; 

R and R are each independently selected from the group 
consisting of H, alkyI, aryl. alkoxy, alkyI interrupted by 
oxa, aryloxyalkyi, alkoxyaryl, and halogen substituted 
versions thereof; 

R'^ R=' and R" are each independently selected from the 
group consisting of H, alkyl. alkenyl, aryl, arylalkyl. 
alkyloxy, alkylthio, alkenyloxy, alkenylthio, aryloxy 
arylthio, aminoalkyi, aminoalkenyl, aminoaryl 
aminoarylalkyl, hydroxyalkyi, hydroxyalkehyl ' 

hydroxyaryl, and hydroxyarylalkyl; and 
m is an integer of from 1 to 3- 
and Wherein, optionally, ar^y two of R'. R^ n-an'a R< are combined to 

form a nng structure; and dimers thereof, said dimers being formed 

by the covMent anachment of two compounds Of formula (I, 
through a l.nk.ng group having from 1 to 6 carbon atoms- 
w.th the proviso that the molecular weight of said compound does not 
exceed 2000; and 

elemenr""" """'•''"^ °' """"'Sn.tlc firs, transition series 



47. A pharmaceutical composition comprising a compound (,aving the 
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-Rll 



(ID 



wherein, 

t, u and V are each independently 2 or 3; 
w is an integer of from 1 to 4; 

'^''"T"^TT''f^^' ^^'^SM'^'T'th. group consrs,,„g „, 
H alkyl. alkenyl, aryl, .rylalkyi, alkoxv, alkylthio, alkenoKv 
alkenylthio. aryloxy. arylthio. alkyl interrupted by one or mo,e oxa 
a kenyl mterrupted by one or more pxa, alky, interrupted by thia ' 
alkeny. interrupted by thia. aryloxyalkyl, alkoxyaryl, aminoalkyl ' 
aminoalkenyl, aminoaM, aminoarylalkyi, hydroxyalkyi 

hydroxyalkenyl. i,ydroxyaryl. h'ydr6xyary(aikyl,.,h„oaen substituted 
versions thereof; "luiea 

R" is a member selected from the group consisting of R'^ Ri3 and 
radicals of formula: 



SUBSTITUTE SHEET (RULE 26) 



PCT/US96/10^ 



172 



(V) 



wherein, 

R". R« and R« are each independen«y salacttd from group 

alkvlth,o, alkenoxy. alkanylthio, aryloxy. arylthte; alkvl 
.ntarrupted by oxa, alkenyl intarrupted by oxa, alkyi 
imarruptad by «,ia. alkeny, interrupted by thia, aryloxyalkyl 
alkdxyaryl, anr,inoa,kyl. aminoalkenyl. aminoaryl 
aminoarylalkyi. hydro.<yalkyi. hydroxyalkeny,, h;droxyaryl 
"ydroxyarylalkyl. and halogen substituted versions the^^f • 
R .s a n»mb»r selected from the group consisting o, H. hydZy 
am,no. alkyI, alkyI interrupted by oxa. alkoxy. aryl 
aryloxyalkyl, alkoxyaryl. and halogen substituted Versions 

. n is zero or 1 ; and 
X is a member selected from the group consisting of alkyl alkenVI 
aryl arylalkyl. alkoxy, alkyhhio, a.kenoxy,!ryloxy' 'ry i hio 
alkyl .nterrupted by one or more ox,, alkenyl interrup'ed Ly 

one „„ore oxa. alkyl interrupted by oneor more thia, 

alkenyl .nterrupted by one or n,ore thia, aryloxyalkyl. 
alkoxyaryl. aminoalkyl. aminoalkenyl. aminoaryl 

aminoarylalkyi. hydroxyalky,. hydroxyalkenyl. h;droxyaryl 

hydroxyarylalkyl, halogen substituted versions o, each o^ the 
above, and radicals selected from the group consisting o, 
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R42 



R43 



wherein 

R« and R" are each independently selected from the groun 
=ons,«.na o, H. alM and ary.. or taken togethef fZ 
. d^alen, HnMng group between the atoms ,^ZuZ 
R« and^ "' "'""^ a ring struire 

R independently selected from the nro^o 

cons.st.ng of H. alKyl. ary|. al.oxy. alkyi interrup' rby 

""";::::::irr„nr^^^^^ 

, awn, aiKyi, alkenyl, aryl, arylalkvl 

arylth,o, am,noalkyl. aminoalkenyl. aminoaryl 
am,noarylalkyl. hydroxyalkyl. h^droxyalkeny, 

hydroxyaryl. and hydroxyarylalkyi; and 

.„H K • '"teger of from 1 to 3 
and wherein, optionally, any two of R' n' i .>4 ' 

ring structure; and diLs t^Ir«'f s'aid dim ^ ' 
coyalent anachment of two clmpoundslTr '"""^ 
group having from , to 6 carbon aZs "'""^'^ ^ ""'''"3 

and physiological salts thereof, with the proviso that lh» ™ i . 
said compound does not exceed 2000- and a nhir °' 
carrier. ' " " Pl^'maceutlcally acceptable 



48. Compounds of the formula: 
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N Rll 



(ID 



wherein, 

t. u and V are each independently 2 or 3; 
w is an integer of from 1 to 4; 

"h"!? T" '""'"■'"""""^ ".«,ed from , he group consisting o, 
H, alkyl, alkenyl; aryl; arylalkyl, alkoxy, alkylthio, alkenoxy 
alkenytthio. aryloxy; arylWio. alkyi interrupted by one or m^e oxa 
a keny .nterrupted by one or ,i,ore oxa. alkyl interrupted by thia 
. alkenyl mterrupted by thia. aryloxySlkyl. alkoxyaryl. amino.lkyi ' 
aminoalkenyl, aminoaryi; aminoarylalkyi, hydroxyelkyi 

R" is a member selected from the group consisting of R'^^ r" and 
radicals of formula: 
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rtr 



(V) 



wherein, 

R". R« and R« are each independently selected from the group 
co„s,«.„g Of H. alkyl, alkenyl. eryl. arylalkyi, alkoxy 
alky.th,o. alkenoxy. alkenylthio, aryloxy. ar^^lthio.rk'y, 
■nterrupted by oxa, alkenyl interrupted by oxa, alkyl 
.nterrupted by thia, alkenyl interrupted by thia. aryloxyalkyi 

alkoxyaryl. aminoalkyl. 4„i„6alkenyl, arninoaryl. 
aminoarylalkyl, hydroxyalkyl. hydroxyalkenyl, hydroxyaryl 

R- is ;)l'7''^f >''■ «"«' "-osen subs«tu,ed versions thereo;; 
R .s a member selected from the group consisting of H. hydroxy 
am,no. alkyl. alkyl interrupted by oxa. alkoxy. aryl ^^ 

t'hTeor""' ^""^^ ««ions' ■ 

n is zero or 1 ; and 

X is a member selected from the group consisting of Wkyl alkenvl 
aryl arylalkyi. alkoxy. alkylthio. alkenoxy. ^ryloxy^ar^lt 

alkyl .nterrupted by one or ,nore cxa,, a, kenylinterrupted b; 

one or more oxa. alkyl interrupted by one ormore thia. 
alkenyl mterrupted by one or more thia. aryloxyalkyi, 

alkoxyaryl. aminoalkyl. aminoalkenyl. aminoaryl 
amindarylalkyi; hydroxy,|kyl. hydroxyalkenyl. h;droxyary, 
hydroxyarylalkyl. halogen substituted versions of each oMhe 
above, and radicals selected from the. group consisting if 
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wherein 

"^b^er" "^'"•"•""•'V as described 

R« and ar. .,ch ind,penden«y selected from ,he group 
cons.s„ng o, H. elkyl .„d .ry,. or taken together fol 
a d,v,>en, linking group between th. a,on» to " 

R« and R" """"^ » ring 

R and R are each independently selects, from the group 
cons.s«ng of H. alM. aryl. alkoxy. alkyi InterruZ L 

R«. R" and R« are each independently selected from the 

oroup consisting Of H. alkyl. alkenyl. aryl. arylalky. 
alkyloxy. alkylthio. alkenyloxy. alkenylthio. a^«y 
arylth,o. aminoalkyl. aminoalkenyl. aminoaryl 
am,noary,alkyl. hydroxyalkyl. hydroxyalkeny,.' 

hydroxyaryl, and hydroxyarylalkyi; and 
m IS an integer of from 1 to 3- 

carbon ato.s di,ec«y 'ZOTZr^" " 
» position . to the nLra": i::;~ira : V"""" 
leas, one member selected from the 9roup «nsl^l oJrr' " 
alkcxymethyl, alkenoxymethyl. arvloxvm«hT !. ' •»'«'™'<V'nethyl, 
and Wherein, optionally, any two of R" ^ „d R" 

ring structure; and dimers thereo; saidT T *" """" " 

covalent attachment of two cor^ou:!:: rj^::^;^- ^ 
group having from 1 to 6 carbon atoms- ' """'"9 

and Physiological salts thereof. .i,h the proviso that the molecular weight o, 



m IS ar 

and wherein at least two of said 
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said compound does not exceed 2000. 

49. A compound in accordance with claim 48, wherein the cation of 
said physiological salts is sodium or N-methyl glucamine. 
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